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FOREWORD

Basic Research Study R. C1-ifiction & (,r'.. . Joh Elpment. f- C ....-
mon Training, was undertaken by the Human Resources Research Office in

FY 1963. The objective is to study training methods, technqiues, and strategies,

and the stimulus, trainee, and response elements involved in the learning proc-

ess, for the purpose of developing a classification system of training methods in

terms of the types of job tasks to which each training method is most usefully

applicable. This reseaicch project is an outgrowth of an Exploratory Study (ES-6)

of the feasibility of developing a classification system for training content.

BR-8 research has been conducted at HumRRO Division No. 2. under

the supervision of Dr. Norman Willard, Jr., as Director. Suppoi't :s pro-

vided by the U.S. Army Armor Human Research Unit. COL Charles Brown

was Chief of the Unit duiiig the conduct of the work described in this

report. The current Dir 2tor of the Division is Dr. Donald F. Haggard

and the Chief of the Unit is LTC John Hutchins.

Three aspects of the training process-stimulus input, trainee factors, and

response output-have be: n studied. This report is a summary of the work com-

pleted to date on the response aspect of the problem. Work on the st~mulus

aspect of the problem has involved research in the learning of both verbal and

nonverbal stimuli.
The initial research resulted in a Research Memorandum, The Feasibility

of Develop.n_g a Task Classification Structure for OrderingTraining Principles

_nd Training Content, January 1963. In addition, several journal articles have

been published to date, and other reports are in preparation.
Permission has been obtained for use in zhis report of short excerpts from

copyrighted sources.
HumRRO researci for the Department of the Army is conducted under

Contract DAHC 19-69 C-0016. Basic ,tesearch is conducted under Army Proj-
ect 2Q061102B74B.

Meredith P. Crawford

President
Iouman Resources Research Organization
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Problem
The people who design any training course must decide wht training methods to use and,

presumably, different trcining methods are appropriate for different kiads of tasks. For instance,
cne would suppose that the methods appropriate for training someone to start a tank's engines
would differ from the methods appropriate for training someone to control a guided missile ,such

as the SS-1O). The process of determining what training method would be effective might be
facilitated by appropriate classifications for training methods and tasks.

This report describe, a classification system for distinguishing the various "kinds" of
tasks, and also a classification of general training methods (called "tiaining strategies") that
might be used. The kinds of tasks considered are restricted to those commonly known as
"perceptual-motor" tasks. The report also discusses, in a preliminary way, how each training
strategy is most appropriate for certcn kinds ,-f tasks, and inappropriate for others.

Approach
A pool of response distinctions was collected, partly from the professional literature and

partly from analysis of task examples. A list of training strategies was also gleaned from the
same general sources. Each of these lists was structured, with some aid from a technique culled
"connotative clustering." Certain response elements were defined to clarify relationships between

training strategies and types of tasks. Finally, the various kinds of tasks and training strategies
were arranged in a matrix for svtematic comparison of each kind of task with each kind of
training strategy

Results
Training strategies (or training methods) re of two general kinds: (a) the operational

conditions of practice (including how the task environment is represented, how the person is told
what to do, special information on how well hf has done, how the task is divided into prcctice
sessions, and how incentives are managed), and (b) diagnosis of the behavioral process (figurtng
out -.hat ;s wrong with c student's performance, and what miqht be done to correct the process).
In order to consider how the training strategies are related to each kind of tcsk, task elements
mre delineated in tt::ems of cue functions, image cr mediational functions, and movement tendency.

Motor tasks are of four general kinds:
(1) Reactive-adjustive (common name, "tracking" or "adjusting"). Common examplk:

€ steering a car.

(2) Reactive-selection 1rom a set of responses (no common game). Some common
examples: typing, sending Morse code, playing piano from music.

(3) Developmental-procedural (commo, name, "procedures"). Some common ex .,-
ples: flight procedures in on aircraft, starting procedures for a tank.

(4) Developmental-skilled perfo rnance (common terms are unfortunately vague
here). Some common cxcuipies: batting a ball, hurdling an obstacle.

In the reactive categories, the student is to respond to a series of cues, each of which
determines what response is requited. With reactive-adjustive tasks, there is an underlying
continuum-usually spatial-for the st'umlus and response dimensions, and the response directly
alters the stimulus dimension. The task is to reduce a discrepency in the stimulus dimension to
zero. With reac#ive-choice tasKs, the respc ises made are chosen from a set of responses apprc
priate in that gen_'ra! task context; each r sponse is called out by its symbolic equivalent in

the environment.
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With developmental tasks, the character of the required performance changes with time
during any particular repetition (i.e., the task performance develops flor a beginning to an end).
Developrmental-procedural tasks involve performing a series of steps in fixed ordef. The response
criterion is what is performed, not how well it is performed. Developmental -skilled performance
tasks involve attining on iicreasing degree of skil! in controlling an ever-changiag process.

Within each general kind of task, certain distinctions are noted that are likely to he impor-
tant in determining the kind of training used. Such distinctions seem rather specific to each kind
of task, indicating perhaps that the defining characteristics of the general classes are somc-
what fundamental.

Conclusions
(1) The classification system appears to be workable and promising. It identifies various

characteristics that seem relevant in the selection of training methods !or particular training
programs. Preliminary consideration of the categories suggests that the best training methods for

one type of task are not the best methods for another type of task.
(2) The classification system appears sufficiently promising to warrant further development.

Su:r de,,o ouaent wou~d include three kinds of effort:
F,.rmal and theoretical developmerit. Mare examples of tasks and training methods should

be considered. The whole classification system (including the kihJs of tasks, tl-e kinds of train-
ing strategies, and the relations between them) could be reli,,ed. The classification should be
related to other theoretic systems as they are developed.

Programatic expe:imetutio. Evaluation and refinement of the taxonomy would also
involve various kinds of experimentation, including (a) having people sort various task examples
into the categories, to test for reliability of sorting; (h) having people rate the applicability of
various training strategies to certain task examples, to assess consistency of applying the
strategies to tasks; and (c) conducting experiments that would demonstrate whether certain train-
ing strategies are especially effective for certain kinds of tasks.

Practical application. The usefulness of the system in practical application is a final
test of the system. Practical application may also lead to further refinement of the classification
by indicating which aspects ure m at useful and by clarifying the shortcomings that appear.

YPractical application may also leud other researchers to use some of the features in their
theoretic systems.

-I
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Chapter 1

PROBLEM AND APPROACH

THE PROBLEM

The purpose of the task taxonomy described in this report is to sort tasks
in such a way that a different set of training strategies (or training methods, or
training techniques) is applicable to each category of task. Such a sorting of
tasks should be an aid in the design of training programs. This paper is a report

of progress in developing a system for classifying the response aspect of task
performance. A tentative taxonomy is presented, followed by a discussion of
how the tas- distinctions are related to various training strategies.

The scope of this paper is restricted to classification of responses, or
response processes. Such tasks generally are included under the topics, "motor
tasks,' "perceptual-motor tasks," "perceptual-motor skill learning," "response
learning," or "skilled movements." Admittedly, the area of response processes
has vague boundaries, but these limits may become sharper through definition
and explication of the categories. When there is doubt whether response processes
are involved, they have been included to avoid gaps that might cause difficulty
when the taxonomy is integrated with other" systems.

The crux of concern has been the differential applicability of the various
training strategies to various kinds of tasks. One would have such differential
applicability if a particular training strategy were appropriate for task A but not
task I., while a different strategy were appropriate for task B but not for task A.
This differential applicability would change the design of training by narrowing
the range of alternative strategies to be considered for any particular task.

The training strategies (or training methods) w-hich are to be applied are
themselves somewhat vague, so they must be clarified in order to develop a
taxonomy of responses. Also, in order to relate the training strategies to the
various kinds of tasks, a common terminology will be needed for both strategies
and tasks, so it is necessary to define explicitly various aspects of "responses."

The initial problem of developing a useful taxonomy of responses, then,
involves clarifying the whole system of terminology for talking about training,
including the various aspects of responses and the training strategies to be
applied, as well as the kinds of tasks to be learned. Such systematic terminology
should help to clarify the whole process of training and training management.

If the terminology developed is to be useful in the foreseeable future, new
technical terms should be kept to a minimum so that the system can be readily
adapted to everyday usage. As a matter of fact, the common task constructs,
such as "tracking," "procedures," "adjusting," and "skilled performance," are
likely to involve considerable wisdom, however unsystematic. It is hoped that
the value implicit in these common terms can be exploited through a process of
explication, increasing the usefulness of the system.

This process of explication, being a matter of language, is likely to yield
the logrical distinctions among tasks. These logical distinctions will naturally
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form the major task categories, since the defining characteristics of such task

categories may, by their very nature, exclude the necessary conditions for apply-

ing many of the training strategies. Within the major logical categories, empiri-

cal relationships may be discovered or relationships noted in past research may

gain in clarity and .:recision.

13ACKGROUND

Laboratory Research and Taxonomy

Most task taxonomies (including the present effort) employ the kinds of

operational distinctions characteristic of applied research in training and educa-
tion. Such operations are not easily derived from most theoretical or laboratory
experiments, few of which compare the efficiency of various training methods or

strategies. Instead, laboratory studies typically involve experimental compari-

sons among various kinds of material to be learned, or among various kinds of

people; in training situations, the kinds of material and learners are fixed,
ra~ner than a matter of choice.

Ideally, one would like to see experiiaents in which various training strate-
gies are applied to various tasks, and compared for effectiveness; at the least

one would want to compare various strategies as applied to the same task.

Actually, theoretical experiments rarely compare training strategies for effec-

tiveness. If one wishes to make any infertnces concerning the best training

method for each kind of task, one must consider the trends in long series of

lea.ning experiments.
The two areas of research-applied and theoretical learning-appear to be

treated as if they were completely separate topics in the literature. The

"estrangement" between them is critical, because it determines how theoretical

studies relate to this taxonomy, which is based on concepts developed in

applied research.
In the area of teaching motor skills, West (1, 2) attempts to relate general

learning principles to the research on teaching typewriting. His effort is salu-

tory; however, it is apparent that if the general learning principles are to be

applied unambiguously, they must be supplemented by extensive specific experi-

mentation on typing. For instance, he recommends against using blank keys or

key caps (1), on the basis of his review of experimental work, and considers this

rule an instance of applying the principles of reinforcement and contiguity. One

might readily recommend the opposite on the basis of transfer, unless one knew

that sight typing would, in fact, "disappear of its own accord."
There is a certain vagueness about applying general learning principles to

particular skills; even worse, experiments on teaching particular skills seem

to have little or no effect upon general learning theory. For instance, in a recent

review of motor skills research, Bilodeau and Bilodeau (3) do not refer to experi-

ments on teaching typing, or any other practical skill (with the dubious exception

of a few studies using simulators, apparently available as experiment apparatus

because they were either obsolete or invalid). This is no criticism of the

reviewers, but rather a significant fact about the current disjunction of learning

and training research.
'Theorists in learning try to vary conditions according to basic underlying

factors; they are little concerned with what can be varied readily in practical

situations. They have tended toward standard apparatus and standard tasks, to

control task differences. Underwood (4, p. 74) has noted the tendency to record
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only certain response measures. Also, learning theorists 'ave tended to sim-
plify the learning situation to its essentials according to their theories and
methods, whereas the crux of a training situation often seems to be its unique
pattern of interdependent and/or interlaced performance requirements. The
more complex task structures take a longer time to learn than is generally
available in the experimental hour.

The tenziency to oversimplify the task shows signs of waning; Fitts (5), in
reviewing skill learning, considered the hierarchical task structure of extreme
importance for theory. But in the past, the learning theorists have tended to use
experimental paradigms that a:e inappropriate for revealing task differences,
or for determining the most efficient teaching methods. Therefore, for the
present purposes, one can expect little aid from particular laboratory experi-
ments until there are sufficient data (from many experiments) to indicate con-
structs that will have pervasive validity.

Of the learning authorities who contributed to Melton's recent book, Cate-
gories of Human Learning (6), none proposed a systematic task taxonomy, either
for distinguishing basic learning factors or for determining training methods.
However, many systematic and apparently useful distinctions were drawn.

Insofar as researchers tend to concentrate effort within one type of task,
they may fail to note distinctions among tasks, This is especially likely where
the distinctions are matters of logic (i.e., where a defining characteristic of q
principle is excluded), because th . non-applicability usually is so obviou6 that
stating it seems silly. Although such distinctions may appear trivial in detail,
their implications may be commonly disregarded in the larger context of total
job performance which usually includes a conglomeration of skills. Such logical
distinctions would most naturally underlie the major category divisions; the less
absolute, often quantitative, empirical distinctions would form the subdivisions.

Types of Task Taxonomies

There are various purposes for which one might formulate a task taxonomy:
(1) Predicting the skill level of various trainees on particular tasks,

such as those in selection tests, factor analytic studies, or simple corre-
lation studies.

(2) Designing equipment so that particular tasks may be performed
more efficiently, including the allocation of tasks among jobs, and designing
the man-machine interface.

(3) Determining which training strategies, or educational techniques,
are most appropriate for particular tasks, as in the effort of Bloom and his
associates (7) or in the present project.

(4) Discerning which underlying learning processes are the most
important ones in the acquisition of particular tasks.

There is no reason to suppose that one task taxonomy is most appropriate
for all these purposes. In fact, different purposes tend to direct attention to
different aspects of the subject. For example, when one is allocating duties to
various stations, concurrency of functions is a more basic consideration than
the skill needed, but the same emphasis is not true for selection research.
Similarly, a taxonomy that distinguishes basic learning processes may not be
entirely suitable for determining effective training methods.

Melton (6, p. 332) makes essentially this point in discussing the evolution
of task taxonomy from primitive operational distinctions. He contends that a
sophisticated operational task classification will continue to be needed for the
analytical and empirical activities of psychology even if theory should eventually
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yield a completely different set of categories based upon distinctions among
processes or constructs. One might argue further that a sophisticated opera-
tional task classification is especixlly likely to be helpful in relating the tasks

to training strategies, or to educational techniques, because such Stratecics

(techniques) are also defines in terms of operations.

-lview of Task Taxonomies

There are several other recent classification projects which have the same

purpose as this report, as well as several which have different purposes.

Cotterman (8, 9) has suggested the development of a task taxonomy to help
relate knowledge and theories of learning to training situations, by forming task

Lategories that distinguish the applicability of the various principles. He felt
that it was wisest to begin with abstract characteristics of traditional, simple

la,)oratory experiments-including certain stimulus characteristics, certain
response characteristics, and oeveral consistencies in relational properties of

stimuli and responses (8, 9, 10, 11). The characteristics he chose to note differ

markedly from those which others have used for classification, with the possible

exception of Stolurow. This fact indicates the diversity of things which one
might choose to observe. Cotterman claims no compelling reason why these

particular distinctions are most apt to lead to a useful taxonomy, but he specifies

the criteria by which they might be verified (8).
Stolurow (12, 13) uses many of the same distinctions as Cotterman, as

Haggard (14, p. 38) has observed. But Stolurow based his choice upon functions
invol ed in a man's performance as a part of a larger system (12). Like Cottc_-,man,
he is attempting to facilitate application of learning princ-ples by definitr, their

limits of generality, His approach to classification is admittedly intuitive (13,
p. 3). but is aided by a general knowledge of the experimental learning literature.

In his later work (13, p. 79) Stolurow considered the trainee as a system,
and distinguished tasks on both input and output for the following dimensions:
number and sequence, limits (i.e., tolerance limits or class boundaries), meaning-
fUlness (including both association and -,uer), and the qualitative relhtions
hetween input and output (i.e., whether input and output belong to the samt class).

He reviews parts of the experimental literature to show that his task dimensicns
tend to correlate with the kind of experimental results obtained, at least to a

limited degree (13, pp. 36-77). However, when expert judges (PhD psychologists)

were asked to code and decode tasks according to the categories, there was

little apparent agreement (13. pp. 1,15-151). Such lack of agreement is common

in nev ly developed classification or coding systems, and perhaps his suggested

refinement of the categories, and better instructions for the judges, may improve

reliability of coding.
Haggard (14) has written a review of taxonomies, and, although he does not

purport to present a system, he makes several p.ints that are useful in con-
stracting a taxonomy.

While Cotterman and Stolurow were concerned almost exclusively with

application of learning principles, Haggard is concerned with applying training

technology as well as learning principics, and with anything that may be used

to systematize the development of training programs. Haggard recognizes the

desirability of a poneralized concetual system for learning phenomena. but

also suggest a ciassification system of psychological phenomena "to deal only
ith thE level of generality which is the pri nary concern of the training psy-

chologist" (14, p. 56). Haggard also discusses general approaches to taxono-
ries as they might be applied to developing a task taxonomy.

6



The present author (15, 16) designed a general task classification to aid in-5
applying knowledge about learning and training. The older Miller sy9tem was
deza:gried to criver allI learining taskb. and its categories have no exact corres-
pondence ith the systemn to be described In this pape-r. The earlier system
used conventional terms for its maior divisiorns: (a ) perceptual-mnotor skiil
lea-rning, (b) discovery or undcerstanding, (c) perceptual !earning, and (d) mem-
orizing. Th-e criteria fiar the rate gorics were to hr applied successively, and
thesu citecia vc.re di'.'ectly related to thky kinds of operations one rnight use for
training, so that the categories necessarily pertained to training operations. The
effort w slso concerned with analyzing the disparate activities found in :ob

situations (' congl ome rate learning requiremnents"), aad with handling the specialI
problems of classifying highly similar tasks on which subjects learn ho % to
learn ("composite learning activities").

Of all cur-rent efiorts, the rationale of Bloom and his associates (7) is per-
haps closest to that of the present paper. Hie states (p. 6) that

fir.,I inqpr.anvc shouhi b i ~en to r'ductional con.~idcirii.n'
hiift sp'os'~illc. the 1,qunaivs&~ i lic n ole i t ~.culd be

i ki',eI k rt'liicd t., ihc A- tiin n, e ie'~rs m~ake in phiiininK

i urri tu I ao 'ii i !- -io ing pI croing NiuI , M S.'-

Such planning and choosing are similar to selecting a training strategy. Bloom r

inten' his taxonomy to be a rather concise model for the analysis of educational
outecrmes in the cognitive area. Trhus he tries to aid in communication and anal-
ysis of educational objectives, and in choosing a plan, and he does not restrict
himself to the application. of verified, weil-fcrmulated principles- of learning.
This taxononyw -,as developed frorn an extensive set of examples.

flon and his associates restr icted themselves to the cognitive domnain (7,
p. )A nother (later) volume, by Krathwohl, Bloom, and Masia, is devoted to the
afloctive domain (17). The "mnnipulative or motor-skill area" (p. 7) thev call
-th~e third domain," but they do not consider it important enough foi' their pur-

poses to warrant development.

Gagne (18, 19 20. 21, 22. 23. 24, 251, and 11l.3 Miller (26. 27, 28, 29. 30, 31), Vavo
devised systems for talking about humnan skills in their discussions of task anal-
ysis, andi ihoir svsteiiik ii.1'w unsidc red a ru'Jincntary taxonomy. flecently.
Ft.1. Miller (321 stated that hie considered his work not so much as a taxonorny
based on- scientific- constructs, but as a tool for talking about the vaciahic s v hich
ran be manipulated practi cally,; in this, he appears to hiave succeeded if one is
to judge by the wide use of his concepts in task analysis and similar endeavors.

1{.1. Miller (31, p. 201) distinguishe:s situational elements as a basis for a
taxonomy:* these include (ai) indicator, (h) action, (c) control, and (d) an indir-a-
tian of response adequacy. Simnilai'ly. the present papei' %%',ill distinguish "task
clemrents' as a basis for dis~tinguishing training strategies an.1 task categories.
CGagne- (24) has distinguished sf'vei'al kinds of learning: response differentiation,
a ss(1(' i lns, niiltiple disc ri minat ions (identificati ov), behavior chains, class
concepts, piiciples, and stiategies. In another recent sojurce (25). he distin-
guishes c2ight \'arieis of learning: signal lerning. stimnulus-response learning.

chaining, verbal-associate learning, multiple disc rimnination, concept learning.
pini iple learning, and proble 2ni solving.
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Some task taxonomies have been derived fr-om factor analyses. Guilford (33)
views the intellect aS having three dimensions, each having several divisions:

I. Opi ritiwn- 11. I'Mduit.. Ill. Cjonivni..

(X,)gcritvn !"ransfornin,,

These three dimensions form a matrix, in which each cell represents a factor.
Guilford's factorial categories ace similar in somne respects to Bllnm's

categories. This partial correspondence in the cognitive ag rea might be useful to
the present classification effort, because the same kinds ofirelationships may hold
between factor arialyses of perceptual- motor' performnance (c. u. Fleishrnar,_ 34)
and the present effort to describe response processes.

Guilford's Operations dimension is strikingly similar to some of Blooins
major catelr ies:

Ilooln, -I al. (,ui I o l

Kn ou led 1..c................................ .

Applicat i.,t

Snths Iv b Ih g ci dit inking

K-:aluation -------------------------- Eval uation

The Products dircrension seems to correspond at several points with Blooms
subcategories, but here the similarity seems somewhat loss direct. For exam.-le.
the Units X Mlemory cells (Guilford) apparently correspond -,.ith Bloom's "K nowl-
edge of specifics,.'

There are undnubateciiy striking differences also, and it would be unwise to
stretch the comparisons too far. For example, in Ploom's taxonomy, the behaviors
are conceived as hierarchical (7, pp. '17-19);- anyone interested in arnalgamnating
these two cognitive taxonomies might consult Jones, monograph (35) rolatin.
correlational anialyses to hierarchical itrut tutc 0h1o tasks.

Guilford's third dimension, Conter~ts, has no app, :,,nt correlates in Bloom's
system. This is to be expected. because Bloom's classification is designed to be
content-free, applicable- across the 1.arious Subicect matters.

When one considers the factor analyses of mnotor skills (34, 36, 37, 38, 39) in
an attempt to infer sonei characteristics of motor tasks, thu findings do not
correspond neatly to the dimensions of Operations. Products, and Conitenis.
although somne aspects of these findings may be cons ideredt according to such
d i rnnsions. Perhaps a greater degree of dimensionality will appear as the
field develops, or as researchers develop a more nearly adequ.Ae nomenclature
1,-r motor sikills. One certainly c:anniot get ai dimensional structure of factors
until many factors-the morc: th, io. ly-hrive becn 6ii-ntificud and deso ribed.
Also, the tasks used must 'eqii~a complex abilities if complex factors are to

appear fron, *hc analysis. Of the factors described by le ishmnr and Hlempel (341.
F'actor I (DIrSerin iiin:aticen React ion I inme) and Fartoc JI (Simnple Rea( tion Tlime)
mnight be considered as Operations, but on a very sinmple or molecular level.
The oth. r factors ,irn closest to the Contents area. (iwilford (36) tries to



structure the factors, with one dimension for the part of the body involved, and

another dimension for the type of ability involved.
Fleishman's later work reveals increasingly rich and complex structure (3 8,

39), and he reports 11 psychomotor factors (including control precision, multi-
limb coordination, response orientation, reaction tirne, speed-of-arm movement,
rate control, manual dexterity, finger dexterity, arm-hand steadiness, wrist-
finger speed, aiming), and nine physical proficiency factor's (extent flexibility,
dynamic flexibility, static strength, dynarnir strength, trunk strength, gross bodycoordination, gross body equilibrium, and stamina).

APPROACHl

Much of the approach stems rather directly from the analysis of the problem,
as it was stated at the beginning of this paper. Thus, devising a taxonomy of

" ~~~Tasks really consisted of three i.v:;jects: (a) tlhe ... ....-ono.•ny of la ,. .itself, (b) an
explicit taxonomy of the training strategies to be applied to the tasks, and (c) defi-

nition of certain constructs which are needed in order to relate the two taxo-
nomies. These efforts were so interdependent that, in fact, all three were
developed together.

The professional literature was consulted, especially the writing of those
psychologists analyzing the training piocess. The work of Gagne and RH Miller
in particular influenced the work, both in the kinds of distinctions made and in
s veral of the actual distinctions. Of the taxonomists, Bloom and his associates (7)
followed a rationale and approach -lose to the one used for the classification

reported in this pp '. Htowever, the circumstances have induced a marked
The extensive formai list of examples which they had was

not available for this research, nor was the amount of profes ,ional labor for
considering such examples. Instead, task examples were considered somewhat
informally; greater weight .%as given to actual task distinctions commonly noted.
and to the training strategies that might be applied.

The work of Flcishman and his associates on the factor analyses of motor
skills should relate eventually to the taxonomy reported here. but the ross
organization of their factors does not vet seem to relate directly. One consideria-
tion is that many of their factors concerned content, and a content-free taxonomy
%%as needed here for pllrposeb Of applyILg training strategies. .;irnilarly. when
Bloom's taxonomy was compared with that of Guilford and his associates, there
was a lack of correspondence on the Contents dimension.

A large pool of response distinctions was gathered from various sources;
for example, se':ral response distinctions may be inferred from the kinds of
standard research apparatus listed by Bilodeau and Bilodeau (3, p. 245). At this
stage, ther cd is tc attempt to exclude response distinctions foi any reason. These
distinctions are then organized into a very preliminary taxonomy, on the basis
Sf relations which appear important for this kind of endeavor. The distinctions
which appear not to be usetul -are retained in a pooi for reconsideration later;
their- orgnizatirn is likely to suggest refinements of definition. Much of the
experimental literature the kinds of apparatus listed by Bilod eau and
.Bilodeau) tends to uimpiasize tracking skills far beyond their importance for the
g.neral riange of practical response processes; also, some of the di1itinct ions
made do not appear to relate to other u:felul distinctions. tso they are tenta-
tively disregarded.

Man.y of the response distinctions are simply rccolle;ftions from sevrc'l
years of professional experience in task analysis and training analysis, and the
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sources have lcng since been forgotten. For the reader who may not be familiar
with such analyses, or for the sophisticated reader who may wish to consider
examples of analyses performed for this report, the Appendix presents analyses
of a diverse sample of common tasks familiar to nearly everyone. The task
examples are riding a bicycle, d 'iving a nail, tying a square knot, an aircraft
flight procedure, typing, associaing the burners on a kitchen range, and "trim-
ming" a iircraft, These tasks and analyses are cited as bpecific illustrations,
and shoild not be construed as supporting evidence for the taxonomy. The valid-
ity of the taxonomy does not rest upon the validity of these an-lyses, but only
upon the validity of the kinds of distinctions drawn, as refined by the process of
explication used in the study.

A variety of training strategie6 were also collected from the literature and
from professional experience, and formulated explicitly. They were organized

on the basis of apparent similarities.
The meaningful organization of both the training strategies and the response

distinctions is admittedly an intuitive process, but the work wa- aided consider -

ably by a technique that might be called "connotative clustering -a method for
organizing complex fields (t study. The first step is to collect a long list of
distinctions that mig!it apply, without attention lo order. The second step is to
obtain a large sheet of paper, and to wriic the irat terr, in the middle of the
page. The second term is written some distance from the f,-st, the closeness
depending upon how closely they seen to be related. Then the third term is
added in relation to the first two, forming some sort of triangle, and so on,
through the list. The more closely the terms appear to be related the nearer
they are placed. As the w'ork proceeds, meaningful clusters appear, which can
be defined and ormally related to nearby clusters. In the process, some terms
or clusters of terms that have been placed apart may appear !elated; such over-
sights can be corrected by draioing a line between such points.

Connotative clustering is especially useful when terms and relatons among
terms are complex and highly abstract. The effectiveness of the method depends
upon the fact that often ne can sense relatedness without being able to define
the relation explicitly, and that one can better define a category by usinL a whole
cluster of examples than with a sing~e example.

As the task distinctions and training strategies were organized, it became
apparent that certain aspects of rccponses needed better def"iiion. in order te
relate the two systems. Finz.1,... eacih training strategy and each task distinction
%%ere considered together, in order to discern any restrictions on applicability
of the strategy, either logical (as a mat t er of the definitions) or empirical (on
the basis of experimental findings). In principle, this is a matrix approach, with
task distinctions arrayed along one roar-gin and the training strategies along the
other (12). in practice, the approach can be simplified somewhat by noticing
some relations thut are apparent before the matrix is constructed, thereby orga-
nizing and reducing the comparisons.

As the project proceeded, there was modification and devtlopment ot each of
the- three aspects-the definition of terms, the training strategies, and the task

taxonomy. As one aspect is developed and organized, it is likeiy Lo indicate use-
ful order for organizing the other aspects of the project.

-
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Chapter 2

THE CONCEPT OF "RESPONSE"

ACHIEVEMENT LANGUAGE

The term response has long been a source of difficulty for psychologists.
S.-me of the isques are particularly critical for developing training strategies,

and for developing a taxonomy of tasks, so these issues are discussed in
this chapter.

This report will use an achievement language tc specify responses. An
achievement language, generally employed by such cognitive theorists as Tolman.
is one which MacCorquodaie and Meehl (40, p. 230) distinguish as requiring "an
explicit reference to the stimulus side in its characterization of the response."'

Certain general assumptions will be made about the response process which
might b ' considered implicit in the achievement language: (a) A response is
primarily a matter of the image which it is to bring about, and it is stored in
memory, organized, and retrieved by this image; (b) this image is compared with
the present stimulus field to yield an initial movement tendency; and (c) there is
a repetitive feedback process in which the image is compared with the current
stimulus field to yield successive movements. In cases where there is insuffi-
cient time for the feedback process, there will be a "ballistic" movement, It
is assumed that this conception of the response process is apprpriate, not only
for molar phenomena but also at any molecular level with which this report will
be concerned.

The foregoing conception of a response process allows one to make distinc-
tions that would not be apparent in the overt, muscular movements. A sharp
distinction is made here between "scanning" and the "nystagmus" of a disoriented

person, although the two phenomena have highly similar patterns of muscular

jerks. Scanning is an ocular adjustment performed in order to produce an

intended visual field, whereas the nystagmus of a disoriented person is a response

triggered by the interoceptive component of the ocular adjustment system, in

conflict with the visual stimulus field.
The status of images is another problem in defining a response. Eliciting

images is an extremely important part of training for many response-loaded
processes. Many examples are given by Sheffield (41, 42). Yet one would hesi-

tate to call eliciting an image a response, for traditionally a response has been

a muscular movement or glandular F, icretion. In any case, the recall of an

image is something a person does, ,v can be directed to do, and serves the

function of a mediating event; that is, once aroused, it serves as a stimulus and

thereby changes the characteristics of responses that follow it, as does any

mediating activity. Many commonly used training strategies involve directed

recall of images as mediating events (e.g., discussion of driving a nail, Appendix).

Another problem is that response is a class concept. When one says that

the trainee made a correct response on a trial, one means that the event fell

'lleprinted by permission of Apple ton-Century-Crofts.
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within a certain range !-,f conditions which define that response. The class nature
of the response concept is true for any experiment, but it is especially likely to
be a source of confusion in training studies. beause there are likely to he dis-
continuities in the defining characteristics :Pf the subclasses. That is to say,

there are likely to he several distinctly different te- niques for achieving suc-
cessful, or correct, responses. In howling, for exr .nple, there are a three-step

approach, a four-step approach, and even a five-step approach, and each option
has its own pattern of movements; however, each pattern is a pertectly accept-
able mode of delivery.

At the broadest, a satisfactory response (or criterion response) may be

defined as whatever response produces the subsystem objective, or the individ-
ual's goal--whatever "gets the job done." But generally the task invoives some
indication of the technique, or the variety of techniques, that would be considered

acceptable. That is, not only is the product to be achieved specified, but also
some restriction is imposed on the process for achieving it. Thus athletic
coaches generally put some limits on form early in learning a skill, because
certain response patterns are known to be bau practice in the long run, even if
they produce a modicum of early success.

The restrictions piaced on acceptable technique never completely specify
the exact response process, The covert process which achieves the correct
response is generally a matter of some ingenuity on the part of either the
learner or his coach, and one can never know whether or not a more etficient
mnemonic will be discovered the very next day (item 6, Appendix illustrates this).

ANALYSIS INTO SUBTASKS

Most jobs consist of several tasks that differ markedly from each other.
Such an assortment of activities has been called "conglomerate learning require-

ments" (16). No one would expect all activities to fall into a singie category, to

be treated alike, if one can analyze a job into tasks that fit neatly into categories,
then one can greatly simplify, the application of the taxonomy. Often some major
demarcations are obvious; further divisions are a matter of achieving the pur-
poses of the particular task analysis.

These pragmatic considerations are the crux of defining the level of com-
plexity which is to be implied by the term atask.' 0bviously, job such as
"truck driver" is too diverse to be called a task, because many different training
strategies would have to be used in training. Filling out a particular record

form for each trip, however, might be called a task because it can be trained by
one approach or set of training strategies. Similarly, the actual driving might

be considered a task (excluding maintenance and repair) because it is relatively
homogeneous as to training methodology required. There would seem little
administrative convenience b.y grouping into larger activity units, and smaller
units would gloss over important characteristics common to different tasks.

However, each task usually can be divided usefully into subtasks for special

trealment during training. For instanc-, the task ot filling out a particular form
might be divided usefully into subtasks of filing out each item in the form,
because many of theie items might each be taught most effectively by a particu-

lar mnemoni,: fir thc, particular difficulties students have with that block. The
complexity level c' a task or a subtask, then, is a relative matter for convenient
administration of training, in order to deal with skill units that are reasonably

homogeneous with respect to the t:aining methods that are appropriate.

12
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When jobs are analyzed into tasks and slibtasks. three kinds of relation-
ships commonly appear:

(l) Successive subtasks. Here we are concerned with different phaces
of a job, if the job seems to change in character during its perfor,-nance. The
separation in tirme minimizes the ridk of c.,verlooking important interactions.

(2) Concurrent, independent subtasks, Here we are dealing with duties
which, v:hTle they are imne-sharcd, do not depend upon each other a:;' might be
dune as well by two different people.

(3) Concurrent, inte. related s-,btasks. Here ;ome aspects of the
response in one subtask pertain also to perforn,ancc on the other subtasks. For
instance, the analysis of riding a bicycle (Ap, endi,0 dcrivetd three interrelated
concurrent subtasks: (a) deciding on the path of travel, () ieaning to turn, and
(c) turning the handlebars to keep balance at the anglt oi bar;k (l~aii. Each
component subtazuk provides some indication of cue anid feedback [ror-l the environ-
ment. For example, a bicycle rider can sense his angle of leaniig directly,
without having to observe, over time, his rate of tu;n. The subject has the
possibility of using such indications of response i.dequacy for subtasks in order
to perform more efficiently, as compared with performing the "same" task
(that is, tracking with the same mathematical relationship between handlebars
and the track of the tires along the ground) but without any other visual cues

V or interoceptiee motion cues (this latter would be a pure, abstract double init
I gral tracking task) . Experience with such tasks seems to indicate that the
textra cues make a critical difference in difficulty, and it certaiii.y should not

be assumed that these cues are unimportant to the task structurt.
The foregoing example illustrates the importance of cunsidering several

task characteristics in addition to the pure mathematical relationiship between
the control and the track generated. Also, if such analysis into subtasks is
valid and useful for training, then each of the subtasks, if phrased properly,
should be a meaningful division for pea)ple who can ride bicycles. The analy-
sis should be helpful in. arranging conditions for training bicycle riders.

TRANSFER OF PREVIOUSILY LEARNED SKILLS

When a conglomerate lcarning requirement is analyzei into tasks and sub-
tasks, some students may already have mastered some of the subtasks and will
have no need for the traning strategies for that kind of task. This point is apt
to complicate the effort ol empiricaliy evainatine the tffct.iveness of varicus
training strategies for particular tasks.

CERTAIN TASK ELEMENTS DEFINED

The common aspects, or functions, involved in overt responses will be used as
elements indefiningtraining strategies and task categories, and n considering the
relationships between them. These are parts of the process of task performance
on the Job; the list of functions spa. Lfically excludes coaching, directions from the
instructor, or any other instructional information that is not present on the job.

The functions include the cues for the required responses, the images that
are to be us, to mediate the required overt responses, and the required overt
movement, "he functions are outlined and defined n the following paragraphs.

A. (Cut-
1. Nariei% of cre. The varieties or cues ire defined bY their functions in relation to the

required ouert responses. Although such functional dimreasiuns are the basic considera-
tion for rues, it seems simplcr to talk about kinds of cues than about functions or basic
dinensions, because of the Linds of intecrrclatinnA amonF cue dimensions.

13



The functional dimensions for distinguishing cues are (a) the chronology of the cue,
in reference to the response; (b) the physical basis of the cue, or the values which the
cue might assume; and (c) the number of response choices included in the appropriate
response set, from which the cue delineates the required response(s).

The chronology of the cue concerns whether or not the cue determines the timing (the
correct instant) for the response. The physical basis of the cue (or the values of the
function) is determined in order to disti .guish among three subclasses of cue functions:
(a) a continuum, (b a conventional sign whose denotation has been established by pre-
vious learning, or (c) a new sign, whose meaning is established in that task context.
The number of response choices in the appropriate respense set refers primarily to
whether there is only one response choice, when the cue merely indicates when it is
to he performed.

For present purposes, the following kinds of cues are distinguished.
a. Timing cue. Cues of this kind signal only the moment at which a response is

appropriate. Thus, they do not indicate a choice among responses. One might
wish to distinguish two kinds of timing cues:
(1) Triggering cue. which is a cue to begin an action (e.g., in the flight procedures,

Appendix, 'at 100 knots full throttle").
(2) Termina! cue, which is a cue to cease action (e.g.. the snap of a toggle switch

when pressure is sufficient to trip it). In some cases, the terminal cue may
correspond to the goal image, as defined below.

b. Selection cue. The cu. informs the trainee what action to perform.
(1) Specifying (prompting) stimulus. Each cue is a conventional sign for the

required response (so there is a one-to-one correspondence between cue and
response choice). There must be more than one response choice in the response
set-for example, typing. In typing, the specifying stimulus is a job cue, an
integral part of the task.

(2) Significative cue. Each cue value must be interpreted by the trainee, in the task
context, as to the action required. For example, in riding a bicycle, he must
decide in what direction, and how far, to turn the handlebars in order to maintain
balance. The cue function may be either a continuum or a sign established in the task
context. The cue cannot be a conventional sign, standing for the required response,
because its significance must be established in the task context. The significative
cue may sometimes serve the function of a timing cue. There must be a choice
between two or more responses, corresponding to the interpretation of stimu-
lus st- tes.

2. lntercre dependencies. Intercue dependencies are the overlap, or correlated information in
different cue functions.
a. Interdependency of cues between subtasks. In this situation tle response in one subtask

produces, or affects, the cues for another subtask. For example, in flying an aircraft, one
can hold an attitude more easily and with greater accuracy if the trim controls are properly
adjusted (see Appendix). Trimming is a subtask in flying, and it changes the whole pat-
tern of pressures required, -;o as to make the desired attitude attainable with zero pres-
sure on stick and pedals, and any change in attitude requires pressure from that
reference condition.

b. Interpendency within a cue function, across time. This is represented by the relation
between what is presented and what has been presented before.

(1) Performance feedback is the stimulus resulting from one's previous responses. In
tracking, this would be quantitative (the amount of error). Tracking is quantitative
because there is an implied reference system, including target, or cursor, and dis-
tances which indicate accuracy. In other skills, feedback might be qualitative. [or

example, in learning to pronounce foreign words the sound of a word uttered by one-
self is considered qualitative, becat,,-e there is no simple presumed set of dimensions
by which the differences can be described readily. Of course, the differences could
be dimensionalized and juantified, but the appropriate dimensions are not explicit
and obvious.

(2) Autocorrelation is the amount of correlation with a previous cycle of the stimulus
function, irrespective of the trainee's performance (e.g., the cue function on cycles
of the pursuit rotor are perfectly correlated).
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G. (,uidance images: Inages serving various functions as mediating events.
1. Goal images. A goal image is the subject's impression of the situation which his response

is intended to produce, and which is used to adjust the actual situation.
a. Final goal image. The desired end result of a series of responses is the final goal image.

For example, there is a joke abcut a sculptor who is asked how he carves an elephant.
lie replies, "I get a large block of stone and chip away everything that doesn't look like
an elephant."

b. Subgoal image. The ;mage of the situation at significant points in the process is tht
subgoal image. This includes the desired motion. Often the choice of a time sample
for this image is critical, because one particular point in the process is especially apt
to induce errors. For example, in tying a square knot, the status just after the halfway
point is likely to be critica;, because many learners err at this point by placing one rope
end on the wrong side of the other end, thereby producing a "granny" knot.

2. Encoding structure. The encoding structure is an image of the process, not immediately
apparent in the task situation-generally, an analogy with some structure learned in the
past. For example, in the range example in Appendix, the U and upside-down U are ways
of imposing order on the pairing of burners and controls, without regard to any intrinsic
validity of the image induced.

C. Movement tendency: This is the volition to effect a change in the environment, by muscular
pressure or movement. In its purest form, this aspect is seen in a ballistic movement, or
pressure. More commonly, however, the movement tendency is repeatedly (continuously?)
interacting with performance feedback, to determinie the next movement tendency.
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Chapter 3

TRAINING STRATEGIES

This chapter presents a classification of strategies that might be used to
train someone. The formulation of these strategies is closely related to the
classification of tasks, because the task taxonomy is intended to aid in an appro-
priate choice of training strategies for any particular task requirements.

The phrase frainingLstrateg_ denotes a specific policy fcr manipulating the
variables available in the training context to induce particular changes in behavior;
it means roughly the same as training_ method or training technique. Ho ever,
training strategy is not equivalent to a learning principle. It is rather more
likely that the useful training strategies will represent a balance between some-
what antagonistic learning processes, involving several learning constructs. ['or
example, prompting (telling the student the answer before he has a chance to
guess) is a gtnerally effective training strategy (43. 44, 45, 46, 47, 48), especially
if there are o:casional test trials (43). It would appear that this part-prompting
strategy is a balance between the following more basic learning factors: (a) change
in strength of the responses, both correct and incorrect, due to repetition; and
(b) effert of test conditions (absence of prompts, forcing unaided recall) upon
learning. Of course, these more basic learning factors can be manipulated only
indirectly through varying the training strategy.

The main headings in the outline are dimensions of classification, rather
than divisions. For this reason, any particular adjus'nment in a training program
is likely represent both a change in the practice environment and a diagnosis
of the trainee'; learning process. The training strategies are outlined in Table I
and are discussed in detail in the following paragraphs.

A. Oper:Itional Conditions of Practice. This aspcct deals with the operations that are performed
by an instructor during training, rather than any inferred process that might account for the
performance of the trainee.

1. Representation of the Task Environment. This dimension of the strategy iefe. s to how
the task environment is simulated during training.

a. Unmodified task environment. The task is represented as realistically, as coni-
pletely, as is practicable. There may be simplifications. or even additional irformation
presented, as in prompting. But the Stimulus and response elerments are present, and in the
correct relationst.ips.

b. Purpcseful modification of task environment.
(I) Stirr ulus prediffurentiation. Generally the stimuli are presented. but the actual

overt 3oh responsts are not required. The purpose generally is to get the subject to react to
the various stimulus statr, as such. irrespective of the final overt responses.

(a) Terminology pracrtce, The, process involves namirg stimulus (cue) states,
perhaps v.ith prompti ngor confirmatio.

(h) Progressive narrcwing of discrimination. Start by presenting gross dif-
ferences, or typical cases, and gradually introduce the fine differences. (This technique
m:g. ! h,. -,-d in r-Mirhination with terminolo y drill.)

(c) tDemonstrating tolerance limits. For exampie. show dipstick when the oil
hveel is too low. Just barely.

(d) Recalling differences. The student is required to describe the differences
in j - s

t
a tes, or in soniv cases, lie may It. required to prod-ice the cue differences
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Table 1

Training C'rategies

Op-raiiui,st (.'n':it:nl, >1l'ra tie R-iagnsis of the tBehsieiral Process

I. lcfri'scntait . in If III, task environnrt 1.Promotina intrinsic KIR
ai. Iniiilifivil task cmirjenrirot a. Clonris ing goal state
o. I'i-~efil ridifitiitin oif task environmnrt b. C ailing attention to benichmiarks (subgoal

ftMnuiris preldiffcre-iiatiin I images)
I crnii.log% practice c . Vro iding supplenientarc' KRH

tb) I'rogressi'e flflro%%log of liscrin ination 1- ostering conception of undech log process
Ii) Diinstrut isp tolerance limits 3. Establishing a more effective response set

id) Hecalling difference, Promioting movement ( onsistenc. for better
12) llcsliies: diffcreiirialoll feedback

(,0 11rait g ait slower ra te b. Establishing response set %whi;ch permits
'Iask-pat-ed tasks, sensing of feedback
self-p.i-e' iasks 'I. Inducing set for appropriate response pattent

li)i1 licdir Mng forcc or aimp1 "ic, required a-lIicl guiding responses
iU) Reclaxing qualitat inc stindierds for b. Describin'g desired miodifications of responses

responses c Inducing set to axeirl oinaion mistakes
2. \;i tsi inoletasko s Insti acting on grip or stance

aI. Suci, ess Ive -hses 5. Induc ing ucue seoisiti% Its%
b . Ctori aiital sulitsks a. Signaling, during task perfo-oiance, iei

ifI) IidipJC;1d~ni sulbias I moment for a response
2i Iiitcrdepeiident sabtanks IiU. Describing situation which is to trigger the

.3. Perfirrianc requirenients informatioin Itching action
trainee inhadt to do) 6i. Encouraging antic ipation of the response (reading

aI. Siic (if beliai ena1 unit described atIIea d)
1). (:.itingva1 IQ' for puriitiau I

(Ii lime in trainiug
2) lea inc es past fe rfor sian ci

(3! 1rope rt ic- of responses cequieud
S1 Speed of rcspcrrisc
(5 r'irance'. cequest fi;r prianiit

c - Coiiiplcteness of prompts

(2) Ii'riinpt c onip fete.'
4Supp!vn.cnu. k-ige if results (Ki)

ad SNie of response unit
(1) KR after each ste-p

(a) Gene ral KR
(hi KR spe ifii to a particular step

b. [cmia of KRl
(1) Peoniid) ng coiparisin

(2) Giving assessnient
5. Manipulating innt ices

a. \dlding incciitivc

b. I'.nphasiuiog esisting ii-liccdesj

t(2) Response differentiation. Tb'- response exercise is condurcd under pro-
gressively more difficult conditions (often cedled aho.pingi. The stimnulus conditions may be
simplified, to provide only enough cue scipport for edfect~ce response practice-.f (a) Practicing steiner rate.

Task-paced task The task pacc is progrecuLively re rs'itlhec-

tecioo performance is reached. This method implies that the performance is task-paced.
Self-paced taskm,. TJ.he icceptabl: rate of produc tion is pi ogrenarvecly increased.

and the subject is encouraged to work faster. This method implies that the pet formance
Is self-pacer].I1
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(b) Reducing force or amplituue required. Generally, such a training tactic is
used when trainees do net meet the force or amplitude requirements at first, However, on
some tasks an instructor might initially require greater force or amplitude early in training,
in order to emphasize muscular feedback.

(c) Relaxing qualitative standards for responses. Early in training, a more
lenient standard or form of correct response is ,,ed than could be justified in the criterion
performance. In this calegorY' t'- correct overt response is a matter of a whole pattern of
movement, and to describe the patterr. one would ned to mention several characteristics.
Responses that are unsatisfactory oi. only one dimension would most likely be corrected by one
of the methods mentioneui aibov, , tier speed, pacing, force, or amplitude cf response.

2. Analysis Into Subtasks.
a Successive phases. This dimension merely indicates that most jobs have phases

which differ from each other, and that as a matter of convenicnce (or to emphasize the dif-
ferences in the phases) they are practiced separately.

b. Concurrent subtasks.
(1) Independent subtasks. The independent nature of such functions may be empha-

sized by independent practice, and such practice may reduce the risk of overburdening the
trainee early in training.

(2) Interdependent subtasks, Learning the dependencies is a part of learning the task
in many cases. The dependorisc may he analyzed as discussed above, and sometimes prac-
tice can be administered separately. For example, in flying an aircraft, accurate stick move-
ments are dependent on using trim tabs to relieve excessive stick pressures. Thus skillful
use of trim tabs can be taught first, to simplify" the learning of stick movements (491).

3. Performance Requirements Information (Telling the Trainee What to Do). This consists
of information to the trainee during practice; it specifies what he must do to meet the -r-
teflon performance. The information may be rather complete as in a full explanation, or a
brief symbolic indication of the required response, as in a prompted response. (Without such
information, the subject would have to learn by trial and error.) The various divisions dis-
tinguish how and when the information is given; it is assumed, at least, that the information is
given after the response as knowledge of results, if not sooner,

a. Size of behavioral unit described. This refers to how much task information is
given before the corresponding responses are required Presumably, this is related to the
student's memory span. At one extreme, the whole task might be described before any overt
responses are performed (as a soldier might read a description of how to disassemble his
weapon, clean it, and assemble it, just before attemptung to do it) At the other extreme, one
might describe such a smal' step in the task that a trainee could hardly forget what to do
(e.g . press a particular button on his weapon and slide out the magazine.) A moderately fine
task division might give him as many steps as he could remember, but no more.

b. Contingencies for prompting. Whether a trainee gets prompted before his corres -
ponding responses might depend on several things:

(i) Time in trainir.j. For example, Kopstein and Itoshal (48) found that prompting
was especially efficient early in training.

(Z) Tr3inee's past pei ;Lu'o isieE. One m'ight never prompt a response the trainee
got right on a previous trial. Thus the proportion of prompts might be diminished as he gets
more items correct.

(3) Properties of responses required. One might prompt according to something
inherent in the subject matter, such as the number of items which the average peraon can
remember, or the logical units of subject matter.

(4) Speed of response. One might give a prompt only if the trainee does not respond

co'rectly within a second or two. Tnis would limit the amount of wild guessing, assuming that
he could give the right answer quickly if he r Iuld think of it at all.

(5) Trainee's request for prmpt. Tne might reduce wild guessing by ir.structing
the trainee to ask for a prompt if h doesn't think of the answer right away,

c. Completeness of prompts.
11) Cue (partial). Any hint of the correct answer is called a cue. For example, one

might give, two or three letters of a response word, or a word which rhymes With the
correct word.

(2) Prompt (complete). Telling the trainee exactly what to do, before he does it.
is called a prompt.
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about the adequacy of his performance, beyond what is intrinsic to the task.
a. Size of response unit.

(1) KR after each step.
(2) KR after end result. Here it is also important whether tire knowlecge can be

traced back to a particular response,
(a) General KR. This is information on performance not relatable to particular

responses, so that the student may know i,, well he did generally, but cannot determine which
responses were adequate.

(b) KR specific to a particular step. Although the information is delayed till the
end of a sequence, it has such a form that ix can be related to the adequacy of specific responses.

b. Form of KR.
(11 Providing comparison. The trainee is shown the correct response, with which

he can compare his own (e.g., in a spelling test, being shown the correct spelling). The effec-
tiveness of this method depends on his remembering his resnon~e, and his discrimination
bet.een the correct response and an error.

(2) Giving assessment. The trainee is told whether or not his response is adequate,
and in a %'ay tnat does not require him to compare his owr response with a correct answer.

5. Mapulatmi_ Incentives. Incentives are often problems in training because the normal
rewards of the lob are absent, unless special provision is made. Student awareness of irnprov-
ing job Iertornance is a somewhat indirect incentive, but it is sometimes effective.

a. Adding -ncentives.

(1) Are incentives dependent on task sucres',., or what'?

(2) What schedule of reward is followed)
b. Etnjhasiin existi ng incentives. This may be done whether or not extra incentives

are awarded.

13. )igriosi .)f the Behavioral Process. This kind of training analysis involves diagnosing
deficiencies, either in a student's performance or in the performances of similar learners, and
reckoning the general kinds of adjustments in training that might iiduce the desired behavior.
Although such diagnoses may have implications for operational training variables, they are not
the same as the training operations discussed in the preceding section. The essential issue
here is the behavioral mechanism involved, rather than the alterations in situational variables.
Athletic coaches commonly use such process diagnosis for perfecting motor skills. The fol-

lowing list is not exhaustive.

1. Promoting Intrinsic Kit. Promoting the use of the .4nowledge of results that is intrinsic
to the task.

a. Clarifying goal state. This mthod assumes that the trainet- car. see in his task
situation the successive approximations to .n. goal state, and can therefore adjust his
actions accordingly.

b. Calling attention to subgoal images, For example. in teaching boiitaUE 1o park a
car, a driving instructor may call special attention to the position of the car when it is half-

way in, just as the direction of turn is reversed. The description of such a subgoal situation
may be given d:,ring task perform:lnce, or sonietimes the subgoal may be described outside
the training situation, especially when time pressures do not permit extra discussion our~ng
task performance.

c. Providing supplementary "KR. This is additional feedback, provided to reduce dis-

ruption frim delay of intrinsic fee]back; for example, a bowing teacher might tell a trainee
that his delivery was good, without waiting for the ball to hit the pins.

2. Fostering Conception of lInderly ing Process. The principle of the apparatus is
explained, or an analogy is drawn, to clarify the effects of responses. For example, in flying
an aircraft. "to maintain balanced flight with the rudder pedals,look at the instrument panel,
and imagine the little ball is a grape, being squeezed back and forth between your feet." This
differs from any of the methods dascribcd above, in that the process to be conceived is not

apparent in the cues in the task; so the process conception acts as a mediating event, rather
tha'i a subgoal cut Proess coneoion may be considered as stimulus reinterpretation.

3. Establishin% a More Effective Response Set. Establisning a response set that is likely
io produce more effective feedback.

19



a. Promoting movement consistency for better feedbacl. Instruct the trainee in form,
to eliminate all but main motion. Thue the sources of variation in movement are reduced to
a minimum, so that he can attribute error to only a few sources.

b. Establishing response set which permits sensing of feedback. Establish a set to
respond in a way which will allow the trainee to discriminate the needed feedback, and indi-
cate to him his need for that kind of feedback. For example, in an aircraft, "hold the stick
loosely, so that you can feel small differences in pressure, and attend to the pressures."

4. Inducing Set for Appropriate Response Pattern. Inducing a response set for an appro-
priate pattern of inotions or pressures to achieve task objectives.

a, Physically guiding responses. The coach forces the student's hand to foilow the
correct pattern of movement.

b. Describing desired modifications of responses. The trainee is told how to modify

his responses; for example, "follow through more on that swing."
c. Inducing set to avoid common mistakps. A response set is etahl;shed to avoid com-

monly maoc mistakes, or common kinds of inadequate performance. For example, in water
skiing, 'lean back as you start, and don't let the boat pull you off balance forward as it pulls
you out of the % ater. Or, if there is a lag in some tracking control system, you may avoid

over-controlling if you consciously delay any response somewhat."
d. Instructing on grip ur stance,

5. Inducing Cue Sensitiv-iti. Inducing sensitivity to a cue, to establish a timing cue or a
significative cue.

a. Si alhng, during task perf(, mance, the moment for a response.
b. Describing situaticn which is to trigger the action.

G. EncouragigAnticipation of the Response (Reading Ahead). The btudenl is encouraged
to read ahead more. ln order to organize larger units of responses. For example, in reading
music, the student is likely to be directed to look ahead of where he is playing. Doing so
involves changing his perceptual responses and inci easing his use of short-term memory.
Vhen he shifts to longer span in Short-term memory, he presumably reorganizes the material

for greater efficiency.
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Chapter 4

TASK TAXONOMY (RESPONSE PROCESSES)

MAJOR CATEGORIES

In the taxonomy as it now stands, there are four major categories,
as follows:

Task Category Common RAeference Terms, and Examples

Reactive l'asks

Adjustive Tracking or adjusting: adjusting a knob,
steering a car. stick control in liying a
plane, steering a bicycle..

Selection front a
set of responscs Typing. sight reading in playing a piano.

D)evelopmental Tasks

Procedural Procedures: aircraft flight procedures,
procedure for assembling an M1 rifle.
starting a tank.

Skilled performance Skilled act: batting a ball, laying a
single brick, perforraing a hand stand.
vaulting over an obstacle.

Reactive tasks are those in which the character of the task is homogeneous
over time. The term reactive was chosen to emphasize the fact that the appro-
priate response is defined by a cue that is immediately relevant to the environ-
ment. Within the reactive category, a distinction is made between the adjustive
class, in which the trainee is to effect an alignment or a nulling of a stimulus
dimension, and the selection from a set of responses class, in which he is to
respond to a specifying cue in the task situation.

Developmental tasks, on the other hand, involve changing task derands (the
trainee is required to do several different things in sequence) during a:Ly particu-
lar instance of performing the task. The term developmental refers to the fact
that each performance develops over several phases, having a beginning, a mid-
dle, and an end. Within the developmental category, a distinction is made between
the procedural class, in which the trainee is to perform a fixed sequence of
steps, and the skilled performrnce class, in which success is a matter of fine
skill or technique.

Pdrformance on a procedural task is judged on qualitative standards, and
generally, performance on each single step is already well learned at the start
of practice. Knowing procedures is knowing what to do, and when. Skilled per-
formance tasks involve the quantitative aspects of performance, or now well
the task is done. However, the lack of the necessary degree of skill s.ometimes
may have qualitative consequences (as in football when a pass goes wild and
is intercepted).
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Procedural tasks and skilled performance tasks often occur as different
aspects of the same pe!'formance, and it is sometimes difficult to determine
whether a particular error is "ttributable to one aspect or the other. For
example, a studcn. pilot might be going into a normal climb (as described in the
Appendix. item 4). aid have difficulty in holding the speed at 100 knots. If the
instructor questioned him, "What speed are you trying to hold?, and the student
answered "100 knots," the instructor would conclude he knew the procedural
step but lacked the necessary degree of skill in holding nose atcitude.

In view of the ambiguities, one might be tempted to discard the distinction
between procedures and skilled performance, except that it is widely noted in
practice, and probably for good reason. The distinction, in practice, seems
one of process; procedures are a matter of correct language behavior in the
appropriate situation. The distinction is useful presumably because the pro-
cedural aspects can be practiced separately as a subtas% with only gross simu-
lation, and because use of language permits rather straightfoe'ward training
methods (telling the student what to do).

THE NATURE OF THE FOUR MAJOR CATEGORIES

In order to understand how training strategies for the four major categorieL
differ, one should have a clear idea of the general basis of the distinctions
among them. Although the follo.ring discussion may lack rigor it is perhaps
better to give a general impression of the basis of task categories, than to leave
the definitions as pure abstractions.

The most primitive category is developmental-skilledperformance. Such
tasks are of the general kind that changes in composition as time passes, and
in which detailed technique is important for achieving task ohjectives. Most
individual athletic feats, and most performance of trained animals, fall in
this category.

With 'he advent of language and machines, de elc, prm.c'o,,al-procduraI tasl:s
became an important category. Language makes task control by categorical
means possible by describing what is to be done, and the whole process of ,qn-
guage performance may be conducted somewhat independently from other as )ccts
of performance. That is, one may tall: his way throu -h the actions required in
a procedur,- without uvert practice in the task environment (even though such
verbal practice may not be as efficient). The advent of machines also contrib-
utes to the categorical nature of some tasks, for it is easy to see when a person
stops manipulating one part and begins working with the next part, and machines
tend to be analyzable into subsystems and parts.

The machine has also created another kind of task, reactive -adjustive.
Such tasks involve an input in some cue dimension which is to be nullified by
respronses. The homogeneous kind of input can readily be created in a macl.ine
that has rather static properties, and it is often des; rable ior a person to keep
some aspect of the machine approximately in an optimal state by nullify:ng dis-
turb-unces from the environment. Some developmental -skilled performances,
such as holding one's balance in walking, might be considered as reactive-
ai ustiv- tasks. tlowvt.v-, the dynamics of balance goes through cycles with
ca( h siep instead of being homogeneous, and the total human frame does not
have the z igidity of a single lever; hence the task analysis tends to be consid-
sraby more complex than the analyses which have proven so profitable in the
tracking skills. The purpose of classifying a task as tracking (ie., reactive-
aijustive) is (a) to be aide to apply certain training strategies appropriate for
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simple skills which are homogeneous over time, anti (b) io obviate the need for
certain other strategies designed to clarify for the t'ainea the changes in task

dynamics in performing developmental tasks.
Finally, many so-called motor tasks are in reality information processing

tasks which seem to keep the person busy on the effector sde. These have been
called reactive-selection from a set of responses. hllese are likely to be called
motor tasks when there is a cirectly corresponding symbolic cue (specifying
stimulus) for eacl, response in the iminedi:te T:)hysical environment; thus type--
writing is more likely to be called a motor skill than is operating a calculator.

Several aspects of such tasks have implications for training strategies:
(a) the symbolic nature of the cues; (b) the time between perceiving the cue and
thie time that the response is required (anticipatory interval); (c) the fact that

the QAevices that support such tasks (e.g., type%%riters) ha':e generally been
designed to make each individual physical response as easy as possible, and
therefore a fairly small part of the task burden for the subject.

"MIXED" TASKS

Some tasks do riot seem to fall clearly into one or another of the categories,
although this seems to happen much less often than might be expected, Of
course, a total job or job activity is apt to lead to the problem of "conglomerate
learning requirements" as discussed previously, but when the job or activity is
analyzed into apparently homogeneous phases and functions the problem is
much reduced.

The general rule is to classify a task as developmental-skilled performance
(the most priritive category) unless there are reasons for doing otherwise. A
very common training strategy for this sort of task is to analyze out the proce-
dural aspects, and teach them by the generally simpler methods appropriate to
procedural tasks; that is, by telling the student what to do. in what sequence, as
if the task were a series oL dstinct steps rather than a continuous process. As

people grow older, however, -hey have an increasingly large repertoire of indi-
vidial task steps mastered, which can be assembled into new chains by proce-
dural learning.

When tasks appear homogeneous during their performance, they are in the
reactive categories, It is their stability over time that permits relatively simple
itiethods of training. It may sccm paradoxical to call the analysis and descrip-
tion of tracking tasks "sirnple' isuch terms as 'double integral," "lag," "damp-
ing," "quickened," "aided" tracking control represent complex concepts), but
the corresponding analyses of developmental-skilled performance tasks are So
complicated by comparison as to be impractical. The "reactive choice" tasks
are products of a special environment and of machines designed for a very
special purpose. If each physical response itself were difficult, especially poor
task design and tediousness of learning would be reflected. In typing, for
instance, ther night be some need to work on individual str)kes, which would
be treating each stroke as a develo,)mental-skilled performance task; the start
of the motion toward the intended key, the correct curve into the downstroke,
and so forth, all consolidated into a ballistic motion. But such part tasks are
usually simple, and seldom require detailed attention.

SUBCLASSES OF TASKS

The four major categories are defined in terms of distinctions derived from
various discussions of motor skills. Not surprisingly, some categories resemble
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commonly used concepts. More notable is the fart that within each of the major

categories a different set of characteristics is used commonly to describe tasks,
because so many of the terms used 'n describing tasks actually are more specific

Ustatements of major category characteristics. For example, a hunter might be
required to "hold a lead" in aiming at a bird in flight, and this partial task
description implies the characteri itics of the more general category, reactive-

adiustive tasks. Most empirical comparisons among tasks are comparisons
within one of the major categories.

Because people tend to note the more specific task characteristics, they
will be listed for each nv;jor category as a ieans of clarifying %%hat is implict
in the major category. The more specific task characteristics are likely to be
useful in revealing the underlying learning process, in providing a logical basis
for altering the process, and in indicating the training strategies commonly used

for a particular kind of task.
In the following paragraphs, the four fundamental categories are defined

more rigorously and subdistinctions are noted, usually in the form of questions.
The implications of these questions cover much of the design of training (much
too broad a topic to be considered here), but they will be considered in a limited

way in discussing the applicability of training strategies to various kinds of tasks,

A. Reactive-Adusitve. In tasks of this type there is an underlying continuum, usually spatial,
for the stimulus and response dimensions, and a response directly alters the stimulus dimen-
sion. The task is to reduce a discrepancy in the stimulus dimension to zero. (Thus. this dis-
crepancy is a "aigniicative cue." as defined previously.) The magnitude of the stimulus

dimension which was not ancelcd by a particular response remains as a stimulus input for
later responses.

I. Stimulus Input. Is there only one stimulus change or input, or is the input repeated],
or continuously adjusted ?

a. Single input. 'rhis is typically an alignment task, in which only the trainee's
responses change the extent of misalignment during task performance. Adjusting a radio knob
is one example of a single input adjustive task. Such skills, if they are demanding, are gen-
erally stringently timed.

b. Repetitive or continuous inut. This category includes te common tracking tasKs.
The characteristics of the input function, over time, will affect the chu ce of the optimal con-
trol system (50.

2. Anticipation Interval. Ihe interval between the instant a cue is received and the time a
response is to be made is the anticipation interval.

a. Anticipation. Can the student see ahead7 If so, how far? For example, in driving
a car, a person sees the road ahead before he mroust respond,

b. Autocorrelation. Is there a regularity in the stimuius pattern over time which may
serve as a basis for anticipating the required movemenms? This is the issue Fitts (5) called
coherence; often it may be measured 'y autocorrelation.

3, Feedback Degradation. What degradation of feedback is present, if any?
a. La. Is there a lag in feedback, and is the lag greater than reaction time? This

F factor tends to accentuate the vagueness -J a reference indicator, because one has less chance
C to correct misimpressions. Feaction lime is considered a critical division, because when lag

exceeds reaction time, the trainee 2an make a second response before he sees the effects of
the first. The difficulties of flying a helicopter result largely frrn lag. and Ftti (5) rep"ts

v that even lag of less than ene second can be extremely disruptive.
b. Clarity of reference marks. The clarity of the feedback function can affect accuracy;

for instance, when aiming a rifle it is easier to shoot directly at something than to estimate
a lead. The lack of clarity may be in the target, or frame of reference (i.e., reticle). or both.
since both target and frame of reference are necessary for the student to infel the error feed-
back. A recet study used instances in which clear reference marks facilitated tracking per-
formance to explain and exemplify augmentcd feedback (51).

c. Feedback function. What is the mathematical function relating control movement
(or change of force on a control, to the change in magnitude of the feedback signal? This
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mathematical relationsup is a fundamental characteristic noted for tracking tasks. Also. _
this characteristic implies that it is a reactive-ad3ustive task, because it is reactive tasks .1.

that have a homogeneity of function over time and adjustive tasks that have a feedback signal
on a stimulus continuum. Also, if the mathematical relationship can be analyzed into simp-
ler subfunctions (as a double integral tracking task can be analyzed into the first integration
and the second integration), then one may also note whether each corresponding subtark haE
a oeoarate feedback signal in the environme it..

4. Criterion Errhasis. Is one particular point of the criterion given special weight, such
as speed, accuracy, L a particular performance interval? If so, the trainee may be eble to~selectively attend to the critical matters, similarly, training ma,- concentrate pea ,ice on the.

critical processes. (Such selective attention is likely to be trained by stimulus predifferentia-
tion operations, as dipcussed in Chapter 3.)

a. ed and accuracy. Which is more crucial, speed or accuracy? Although most
tas' s set minimum staniards of speed and accuracy, they may place specia-l importance upon
one of the two.

b. Performance interval. What time intervals are important? Sometimes only certain
of these count (e.g., aiming, in which only time of firing is the critical moment). Other tasks,
such as driving a car, require continuous tracking and attention.

And if only certain intervals count, can the trainee use his discretion to initiate the
action (as in aiming), or can he anticipate when his cue will appear (as a driver can anticipate
wher. his car will reach an intersaction for turning left) ?

c. Subtask emphasis. When there are several concurrent subtasks, are some more
important than others? The trainee might be able to learn signal hierarchy, to establish

resp.nse priorities. I

B. Reactive-Selection From a Set of Alternatives. The subject makes responses, chosen
from a set of responses appropriate to that general task context, each response is called out

- by a specifying (or prompting) stimulus from the environment (e.g., ty~ping, playing piano

from music). There is to he a symbol for each response choice; in cases in which the subject
must generate the symbols as he goes (e.g., typing while composing prose), the syrnbol gen-
eration is to be considered another kind off actvity. The following are. dimerisio.s which

define subcategt ,iries.

_i. Ancipation Interval. During the antic.pation interval (the time between receiving the
symbol and making the corresponding response), the processes which may occur are con-I ditioned by certai n task characteristics.

a. Restriction of intervl. Is there a practical restriction upon the nurbe of specify-
ing stimuli that the student may store in emory before responding? In t v y-n,, one can read
ahead as far as he wiehes i.n order to org-ni7P the material before tvpi.ig; or :n taking short-

hand, one may lag behind the person speaking, as long as no ma'erial is forgotten. But
imagine a typewriting sit, tion in which each letter must De typed before the next one will
appear; such a peculiar tynwriting task would severely limit the learner's organization of

:: the material.

_b. Symbol hierarchies. Are there hierarchies of organization of the symbols, with
corresponding statisti-cald-ependenicies among the symbols. in the frequency with which the
symbols occur" In typing, such hierarchical arrangements are the basis of word and phrase
habits that augment speed. It seems likely that the mediating processes that occur during the~anticipation interval are organized acc ording to the hierarchies.

2. Pacg.. Is the task self-paced, and is the rate of production the criterion of skill
(assuming a certain mnimmum standard of accuracy) ? (Typing is self-paced, but shorthand
is not.) When a task is self-paced, the student has an opportunity to attempt various rates
of performance. When the specifying stimuli are task-paced, he can control rate only
indirectly, by choosing the material for practice. As the input rate increases, he has the
additional burden of attending to new specifying stimuli while he is responding to the previous
cues, which may be somewhat unrclated to the new ones.

3. Character of the Response Units. The quality of each response unit may involve
special learning difficulties, beyond organizing and selecting the responses. In a very diffi-
cult practical skill, perhaps each individual response may r,:.fd to be learned as a subt,:.
(of the developrental-kiiled perforpancevarity, as discussed lateri; and then the choosing

of the responses may need to be learned as a reactive-selection task.



a. Spatial location. Are there different spatial locations for the responses of the set,
as in typing? Or is there no spatial response organization. as in taking shorth- ' with pencil
and pad? If responses are organized spatially, iheir positions may be substitute, for longer,
complex, or subtle movenents.

b. Time for each respone. Is the performance of each response taking longer than
the trainee's reaction time? When there is insufficient time foi a feedback loop tc cccur.
the responses are apt to be "ballistic" responses. Responses of longer duration are likely to
be found in developmental skills, as discussed later, because the trainee may be making a

series of partial responces during the interval.

C. Developmental-Procedural. This kind of task involves performing a series of steps in, a
fixed order. The pe"rro ancecriterion requires that the st. ps be performed, but does not
specify how ",ell or skillfully each step is performed- An example is flight procedures in
an aircraft.

1. Task Direction (Specifying Stimulus). Is there a specif-ing stimulus for each s
t
ep in

the criterion situation, or must the steps be performed from memory? Instances in which
the specifying stimuli are always present are an aircraft takeoff checklist (mounted on the
instrument panel), and the aircraft production assembly technique in which the steps of the
assembly are pictured in a series of projected slides, with accompanying audio directinns,
Jobs that have such job aids, or specifying stimuli, tend to be quite easy unless they are very
severely paced, or unless extreme accuracy is required, or unless changes in the job are fre-
quent. Often, such job aids can be provided foe a task to simplify it. If a jot) is very difficult
even in the presence of job aids, the indicatioon is that the individual steps were difficult, and
that the learning of each step is generally a matter of performance skill, as defined later.

2. Timing of the Steps. Is the task selZ-paced or task-paced? If it is task-paced, can the
task pace be changed for training purposes9 Slowing down pace is a way of making practice
easier; also, one may want to speed up practice of certain task segments, if the trainee is not
busy. The source of pacing for the task will reflect the importance of speed, and the feasi-
bility of slower practice.

3. Hierarchies. Are there hierarchies for organizing the response units? Such hier-
arc'.ies tend to make the steps more memorable.

4. Alternative (Branching) Procedures. Are there situations in which the task requires
alternative procedures (e.g., emergency procedures)? Such alternatives sometimes may be
practiced separately, especially when they are selom used.

D. De-elopmental -Skilled Performance: This type of task is concerned with the degree of
skill required to control a process that evolves through distinct different phases or. any par-
ticular instance of task performance. The task functions and criteria vary in different phases.
For instance, in laying a siigle brick, the mason must scoop up the desired amount of mortar
with an efficient motion, spread the inioiLai Lvedy with a quick mo'ion of the tro;'cl, and
place the brick to maintain a fairly even and vertical wall (emphasis to indicate matters of
degree of skill). Although this performance also has procedural aspects, they are so simple
as to be trivial: scoop mortar and place it on last row, set brick on mortar. Other examples
of this kind of task are pitching a ball, or shaping a piece ot pottery.

The tasks in this category are especially likely to involve some sort of task pacing (or
motor coordination, or timingi if they are difficult, because r. any other sources of difficuity
ar2 ruled out by the task definition. Such tasks do not require remembering what to do (pro-
cedural tasks), nor is there a heavy burden of symbolic activity involved in r-acting to a
rapid series of specifying stimuli (e.g., typing).

Developmental-skilled performance tasks are generally described by reference to the pro-
duct produced or the process controlled, of which there arc r great variety. Often the nature
of the material or process being controlled has special relevancE for training on this kind
of task.

The kind of response chaining involved in tasks of this category may be revealed in the
effect of artificial feedback lag. Since the process is an evolving one. the stimulus produced
by one response is likely to be the triggering stimulus for the next response. If the feedback
(stimulus produced by a response) is delayed artificially, then there will be a strong tendency

26



to repeat responses. This appears to be what happens when speech sounds are delayed for a
fraction of a second (by electronic means), then transmitted to the speaker; he stutters uncon-
trollably. Normally, a person speaks each word under two simultaneous cue conditions:
(a) Ife has just made motor responses to the previous word or syllable, and (b) he hears the
previous word or syllable. When these two cues are separated, either has a tendency to elicit
the word. This kind of event differs qualitatively from what happens to tracking under condi-
tions of delayed feedback. In tracking, the error feedback, if it is delayed, merely results in
another comparable response, so that the tw€o comparable responses can summate, and the
resalt is overcontrolling; the speech sounds cannot summate, even if the feedback is deiayed
:lectronically, because they differ qualitatively. However, a common consequence is a new,
hybrid response.



Chapter 5

RELEVANCE OF TASK CATEGORIES IN
SELECTING TRAINING STRATEGIES

The purpose of this task taxonomy is to sort tasks so that a different set of

training strategies :s applicable to each category of task. This section is intended
to derrionstrate, in a limited way, such an interaction between the various training
strategies and the kinds of perceptual-motor tasks.

In some instances, particular training strategies will be logical]- inappli-

cable becatie of the definitions involved, In other instances, applying a training
strateg to one kind of task would be a very different matter from using it with

another kind of task.
A lis. of the gross categories of tasks and some finer distinctions is shown

in Table 2, these are related to major varieties of strategies. In the table the
numbers at points of interaction refer to the numbered text paragraphs in which
the interactions are discussed.

(I) Stimulus predifferentiation methods may apply, to reactive-adjustive

responses when the cue function is unclear, or when there are no reference
markt. In such cases, the function of stimulus predifferentiation is to clarify
the feedback quantity for the t:ainee.

(2', In reactive-choice tasks, the major cue in the task environment-the
specifying stimulus-is a mcaningful. symbolic ci so it need not be further
discriminated. Thus there generally is no purposu in stimulus predifferentiation

methods for tasks of this kind. But if the response choices are spatially defined.
one might try a backward association drill (Recall of Differences method of
stimulus prt.differentiation) by having the trainee give the rymbolic equivalent
of ea(h response position. Also, spatial configuration of i.esponse choices would
perrm one to give a pattern of spitial cues corresponding to the required
responses. For example, in typing one might show a keyboard picture, with a
light behind each key, and show the sequence and rhythm of responses in typing
some c(.; mon words, in an attempt to induce an image (developmental image)
which night serve to mediate correct responses.

,3) In learning dcvelopmental-procedural tasks, the main feature is to
remeln'ir what to do, not to perform with high skill. The stimulus problems

are those of remembering gross distinctions, rather than of sharpening fine
distinctions. Thus terminology drill might be appropriate, or the demonstra-
tiom of tolerance limits, or recall of differences. Yet these would probably be
a matter of associating words with various cue states. The gradual narroving
of a disurimination would be more likely to be involved in other kinds of learning-
those that involve quantitative rather than qualitativ, persormance requirements.

(4) The stimulus prodifferentiation strategies are especially suitable for a
d kv,.ipmL_ al-ski~led performance task, which is not homoge.eous in cue func-
ti'n; one might have to learr to discriminate many signi'icative cues or trigger-
ing ( ues, The phrase "heterogeneous cue functions" impiie, that there are more
eues to learn. Also, the cues might require quantitative'. ic discrimination.
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Table 2

Interactions of Task Categories With Training Strategies8

- T1 Caiegory"

T teact, Developmental
Training Skiled

Adjuti',- Choice Procedural P rforteance

A. Operational Conditions of Practice
I. Representation of task environment

a. Unrmodified
b. lodified

(1) Stimulus predifferentiation (1) (2) (3) (4)
(2) Response practice under progres-

sirely more difficult conditions {3) (6) (7) (8)

2. Analsis i-do subtasks ...... ............... (9) ..................
3. Performant e requirements inluruotion (13) (12) (10) (11)
4- Supplementary knowledge of tesults ...................... (14) ...................
5. Incentive no nipulations

ft. Progress Rug ins is
1. Utilizing kn:ii ledge of results

a. Clarify gial state . ................. (15) ................
b. Call atteotion t, subgcals ........................ 116) ..................
c. Supplemeotary (early) knoledge ... ................. .17 ....................

2. Precess on( eption ................ ...................
3- Ilcsporase set for effective feedback

a. Movement conststerc,. ........................ 19) ..................
b. (void rc,Fotses vhich mask

feedback
- Overt respcns, patterns ............... 120. ................
3. Scnsitivity to :ue indicating moment

f,.r response ...... . (21) . ..............
6. Response anLi,.ipation .............. . .2 ... ................

ni -h numbe, n he tAl rlet, to h , test paragraph in whir tldt p..r,. ular iniera tion is dicussed;

se. u. tarulu- Pr,'.dlitr"-'iailn. - applied ta .. tc, : aI' .rid -1 t 1 - ,s;, .- -- ! in par grdh I. Shin i

nu o.1e' -,,v:s ill tur ta-k , tiegeries that training -irate is di- usi o ed for all tak, in the pirag;aph indicated.
e.g., Analksi. into 'subia;k is dscussed in paragraph 9. for all [our task , atugories.

as well as recognition of gross cue states; the progressive narrowing of discrimi-
nation strategy may be especially appropriate.

(5) in reactive-adjustixe tasks for which there is repetitive input, the per-
formance is essentially task-paced, and may be slowed to make it easier. Such
slowing of the task pace is altogether different from reinforcement of slower
responses, which may be employed in self-paced tasks, such as adjustive tasks

for which there is a s.ingle input. The force and amplitude requirements might

be modified at first if the traitee does not meet task standards. Hoxiever, there

generally would be no )asis for easier standards of form, since performance is
usually judged on some such unidimensional basis as error or time-on-target
scores, rather than on configuration of response.

(6) When reactive-.choice tasks are self-paced, one may require less speed

at first, but there is likely to be little advantage in slowing performance if the
, -quired motions approa cit the trainee's reaction time, because the whole nature

of responses changes. When reactive-choice tasks have a spatial arrangement
of responses, the form o response is a qualitative matter, not readily modifiable.
When there is no spatial rrangement of the responses, as in sending Morse
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code, there might be some lenio'nc in form; but if the response intervals are
short, the result is apt to be a different pattern of chaining responses.

(7) Because developmental-procedural tasks are matters of remembering
the response, rather than of performing skillfully, they provide an ideal situa-

tion for modifying response demands in speed, fcrce or amplitude, or form.
Also, the physical situation for such procedural tasks generally allows for moni-
fying both the time and the form of response.

(8) In developmental-skilled performance tasks, a very common practice
is to change requirements of form of response and nmiplitude or force- of
response. However, often the timing cannot be ch i, sinie kinetic energy
is a significant aspect of the movement involved.

(9) The analysis of a task into subtasks may involve any of the task cate-

gories. The inalysis into successive tasks (or phases of tasks) is trivial as it
pertains to training methods, and is merely a matter of convenience.

Also, the analysis of tasks into concurrent, independent subtasks is

relatively trivial with respect to analyzing into subtasks and training for them.
The training of the total task concerns only the timesharing of activities.

The analysis into dependent subtasks is especially iikf ly to be involved
in reactive-adjustive tasks and developmental-skilled performance skill tasks.
In reactive-adjustive tasks, the cue function (significative cue) at any moment
is partly a result of erro-" on previous responses, as well as a function of fresh
input into the task. Also, the new input may be affected at any moment by past
error (depending on the mathematical control function involved). Such depend-
ence of cue functions upon past performance is involved in many kinds of sub-

task relations.
Many aspects of developmental-:killed performance tasks are simiiarly

interdependent over time. Such tasks are often much like the reactive-adjustive
tasks, except that the cue functions are less homogeneous over time. The advent

of machines makes homogeneous cue functions rather common, and thus creates
numerous tasks of the reactive-adjustivc sort. But many of the same processes
are involved in developmental-skilled performance tasks, although it may be
more difucult to analyze such tasks into stable mathematical fanctions.

The reactive-cioice tasks generally do not have such dependence
among their subtasks, since they generally do not involve dependence of the cue
function upon past performance, Also, developmental-procedural tasks involve
the qualitative aspects of performance, and a generally invariant sea,2ence

(since they can be learned as a chain), so the appropriate next step does not
depend upon preceding performance.

(10) The presentation of task requirements information during task performance
is almost exclusively a technique for teaching procedural tasks (developmental-
_procedural tasks). Such tasks almost always involve remembering the steps
beyond the span of immediate memory (unless there is a job aid, such as a

check list).
(11) To some degree, one might also use prompting and related strategies

in teaching developmental-skilled performance tasks, since these may involve
long heterogeneous chains of responses. However, in such cases, the prompted
practice amounts to extracting the procedural aspects and practicing them as a
procedural subtask. For instance, when a baseball player is learning to slide
properly into a base, he at first is probably coached through the motions one by

one. In this way procedural aspects become a subtask of the developmcntal-

procedural variety.
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(12) Rea.tive-choice tasks would probatly not he improved by manipulation
of prompts, for such tasks have a specifying stimulus as an element of the task
itself (assuming that a prompt is defined as a specifying stimulus). The special
prompt would be exactly redundant with the specifying stimulus. In typing, for
example, prompting would be an extra copy of the thing to be typed.

Yet some form of nonsymbolic indication of the required action might
be beneficial. In typing, for example, one might flash a light on each key to be
typed, to promote letter-key association. But the fact that the guidance is non-
symbolic makes it a different kind of training strategy.

(13) Reactive-adjustive tasks have homogeneous input and rather few task
elements, so that it is likely that a student can remember what to do when he is
to perform the task. The difficulty is how to do the task, not so much what to do.
Thus an ordinary symbolic prompt (i.e., specifying stimulus) is apt to be of

little value.
Yet sorne forms of guidance cues may be beneficial during training.

Perhaps the future pozotion might be indicated somehow on the display, if lag is
a problem. Or perhaps reference marks might be sharp)y defined early in train-

ing, if the trainees seem not to have a clear idea of the task. Or the output of
some subtask might be superimposed on the display, if that output is not nor-

mally displayed to trainees.
(14) The size of the response unit indicated in knowledge of results is an

issue that is especially applicable to developmental tasks. Reactive tasks are
fairly homogeneous over time, and do not have an end resulL and identifiable
steps to that goal; it is therefore unlikely that after an interval of practice on a

reactive task, any knowledge of results could be related effectively to a particu-
lar moment of performance.

The forms of knowledge of results which were distinguished could be
applied to any of the task categories, although the methods of anplication

might differ.
(15) The achievement of a gopl state, in the sense implied here, is a matter

of development by a whole series of responses; hence, describing such a goal state
would be of potential benefit only in developmental tasks. With develupmental-
procedural tasks, the goal state might serve to organize or make more vivid the
particular responses, insofar as it is possible to relate the individual lesponses
directly to the goai state. But in developmental-skilled performance tasks, the
image of the goal state is more than a mere aid to memory, sircc it may i.di-
cate directly the movement needed (from the present position) to achieve satis-
factory performance. In such tasks, the goal image plays a role very similar to
the reference marks, or reference field, in reactive-adjustive tasks (e.g., the
reticle in telescopic gun sights).

Performance on reactive-choice taEks may be aided by goal images in
a different sense of the word. Instead of indicating the next response required,
the goal image maybe a restructuring of the responses into ahierarchical arrange-
ment. The result would be thc same series of responses, but the learner would
be processing the information differently. In typing, for example, instructors
may talk about word habits and phrase habits as increasingly efficient ways of
processing information, but with no qualitative difference in ttie sequences typed.
Although such distinctions in a trainee's covert processes may be in doubt, the
tssue here is the opportunity for such processes, as contrasted with the further
possibility in developmental-skilled performance tasks, that the goal image
will help him decide what the next response should be.
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(16) Calling attention to subgoals is not likely to be ased with reactive tasks
because such tasks are homogeneous over time and are therefore not divided
into significant phases of performance, or subgoals.

(17) The effect of supplementary knowledge of results, in the eense used
here, is restricted to the information the trainee is given by the instructoi con-
cerning whether he performed correctly, or what he should have done; it does not
include general b,-entive effects, such as total score (without indicating errors).
The effects at issue thus concern the delay between a specific performance and
the information about its correctness.

Early knowledge of results would be more likely to be used with devel-
opinental tasks, in which a whole sequence of responses leads to a goal, and for
which the relevance of individ-. responses may not be known until the goal is
reached or missed. In reactiv-adjustive tasks, delay or lag in feedback may be
bridged by some more rapid means of indicating anount of error; yet one is
working only with a short interval, and supplementary fee( 'ack information from
the instructor may have cue value uhich is not present on i - job, and which may
therefore become a vehicle for negative transfer of training.

In reactive-choice tasks, the possible deficiency in knowledge of results

is generally" not a deficiency in goal image, for the desired responses are given
in the environment as specifying stimuli.

In developmental-procedural tasks, the early knowledge of results is
a qualitative matter; therefore verbal descriptions are generally adequate.
Also, if prompting is given, the knowledge of results would be redundant. With
developmental-skilled performance tasks many more things are a matter of
degree, and for this reason generally much more difficult to describe in words.

(18) The conception of the physical process in the task environment may
serve various functions, depending on the task category. In reactive-adjustive
tasks, it may be used to make the direction of correction seem natural, or it
may be used to facilitate transfer of training if the student actually has learned
a task that involves similar control dynamics.

W ith reactive-choice tasks, the mechanical process underlying the
apparatus seldom relates to the performance of the task. Hence. knowing the
mechanical process helps lttle; for example, there is no reason to suppose that
one could play a piano better if he knew how a piano is made. Yet there may be
a physical process that underlies the organization of responses and might be
useful in establishing response hierarchies; for example, in playing a piano from
music, knowing the principles of harmony may help to categorize chords, making
them more mneaningful.

With developmental-procedural tasks, the mechanical principles may
make the particular acts seem less aroitrary, hence more memorable. But it
is in developmental-skilled perfornmance tasks that tne process conception is
often an aid, sometirnes essential to effective performance, In such tasks, tnere
is a change in status during performance, and the trainee must knoe what the
process is and when the changes occur. For example, if a piece of equipment
has a hidden (atch which has several safety features, one nceds to know som( -

thlng about the shape of the thing be'ing manipulated, Or in tooling a piece of
steel, one should know sonic of the properties of the particular kind of steel:
hardness, ductility, brittleness, changes in properties wiih heat, and so forth.
With such tooling (in contrast to the hidden c.atrh fx:imple abov!) onv's image
of the properties of the material must be rather richly detailed in order to
effectively otil the dtail of su(' romp] cx p erfo rmance; such rich magt. i
is rathc r typi al of arts and tc chrlofies which process rav' materials,
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(19) The training strategies dealing with response set for effective feedback
are most apt to be pertinent for reactive-adjustive tasks or developmental_-
skilled performance tasks, because such categories generally are most con-rned
with details of response performance. These training strategies specifically
refer to the intratask feedback process, which is a defining characteristic of
reaclive-adiustive tasks. The same general kinds of feedback are often preei t
in developmental-skilled performance tasks, or at least in parts of them. But
developmental-procedural tasks involve what the trainee is doing, rather than
the details of how well he does it, and the feedback is likely to be general-that is,
related to whether or not major goals were achieved. Reactive-choice tasks
also are not likely to involve much kinesthetic feedback which might be used as

cues for later motions, especially if the responses take no longer than the stu-
dent's reaction time. The sources of motion are often restricted in reactive-
choice tasks (e.g., typing), but the feedback is to be used to correct later instances
of the same response, rather than to modify the next response in the series.

(20) Specific response guidance is generally used with reactive-adjustive
tasks or developmental-skilled performance tasks. The developmental-
procedural tasks, because they are the categorical aspects of performance, are
more readily described in words, thus obviating the need for (a) the refinement
of technique and (h) demonstration of the details of performance. For reactive-

L choice tasks, the specific response guidance might be used for the motion of each
choice, but such physical motion is only a small part of the task process.

Establishing a response set to avoid common errors is a strategy that
may be used on any kind of task, although the strategy does not always operate
in the same way. In order to specify the task category to which this strategy is
applicable, one would have to be more specific about the kind of common error
tendency; for example, overcontrolling because of lag in controls is usually
encountered only in reactive-adjustive tasks, or perhaps occasionally in
developmental-skilled performance tasks.

(21) Such cue sensitivity is not likely to be encountered in reactive-choice
tasks, because such tasks entail a specifying stimulus which generally precludes
the need for additional cues to gcvecn the timing of task perforrmane. The situa-
tion sensitivity is also less likely to be encountered in reactive-adjustive tasks
than in developmental tasks, for there iE generally a homogeneous kind of ie,
hence a correspondingly homogeneous kind of response process. Notablu c vt-

ions occur when particular moments arc most critical, as in aiming a rifiL ut

a moving target.
Indicating to the trainee, during performance, the moment when he

should respond is more likely dori- when teaching skilled performance tasks than
procedural tasks; in teaching procedural tasks, one would generally use the
simpler method of describing the triggering cue.

(22) In the literal sense of reading ahead, one would neeJ a specifying tiiiu-

lus in the task environment. Hence, the strategy would apply only to i ,a-rtiv,--
choice tasks and to the fe.v developmental-procedural tasks that use lvprompts ,n
the job. But if a more lib,-ral interpretation of reading ahead is used Ihc strategy

would also apply to the reactive-adjustive tasks in which the track cal be seen
far in advance of present position.

In anotheu sense, one might recommend planning ahead or thinking
ahead iin developmental tasks generally, but then the cues would be images or
mental cues, not environmental cues. Hence, planning or thinking ahead would
constitute a different mode of task performance, induced by a different kind of
training ;t ratcgy.
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Chapter 6

CONCLUSIONS AND FURTHER DEVELOPMENT

The tentative task taxonomy presented in this report shows promise as an
aid in designing training programs because several of its distinctions do appear
(a) to determine which training techniques or strategies are applicable to vari-
ous tasks, and (b) to describe differences in the training processes involved
when the same general training strategy is applied to different kinds of tasks.
Admittedly, many of the considerations need to be clarified considerably, and
further development is needed.

FORMAL AND THEORETICAL DEVELOPMENT

The definitions for both the training strategies and the task categories
should be refined., and subcategories specified. Such clarification would be facil-
itated by bctter description of the varied "covert" processes that underlie skilled
performance. (Much relevant work appears in the experimental literature, but
complete coverage of such work is not practicable here.) Although one could not
expect exactly the same process from all tasks in a category, one should look
for the ways in which category definitions limit the kinds of relevant processes
taking place. As the taxonomy becomes more refined and detailed, it should be
related formally to the training strategies, as was done in the last chapter but
in much greater detail; this collation would be expected to yield many more
formal restrictions in the applicability of various training strategies. Even when
one cannot clearly establish whether a partick-dar strategy is appropriate to a
particular task, one should take notice of common reference points in the definitions.

Another line of development is to colilect more task examples and training
strategies. More people should think of more tasks, and various teachers and
coacies who deal with motor skills could be queried systematically about their
techniques. It seems reasonable to assume, tentatively, that the experienced
teachers and coaches have a valid basis for their methods, so one should, at
least as a beginning, make an effort to systematize their techniques. In
interrelating these areas, one might use the connotative clustering technique
described earlier.

As the taxonomy becomes further refined, it should be related formally to
other taxonomies, such as the classification of educational objectives by Bloom
and his associates (7).

EXPERIMENTATION

in conjunction with further formal refinement, empirical development will
be appropriate. It will be of three basic types.

First, there should be sorting studies to determine whether people can sort
common tasks reliably into categories. Reliable Judgments are absolutely
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necessary for a useful taxonomy, but it is well to remember that most classifi-
cation attempts are at first very weak in this respect.

People might also be asked which training strategies they would use for
particular task examples that fall clearly within the categories. If people could
do this reliably, they would indicate limits on whether these strategies are
applied within particular categories.

Another empirical development is to conduct experiments to determine the
effectiveness of training strategies for various sorts of tasks. This may be the
most direct test, but also the most demanding of research effort. It is hoped
that research conceived within the framework of the taxonomic system may
reveal differences in behavioral processes that are associateQ with the dis-
tinctions drawn. Presumably, one should be able to go to the experimental litera-
ture and find cases in which one task has been trained by.different strategies,
but theoretical experiments rarely follow such a research paradigm (as was
noted in the first section).

The empirical evidence, for the most part, has yet to be gathered. There
are so many distinctions ard categories that one experimenter can do only a
small fraction of the relevant research. It would be unrealistic to expect that
the taxonomy would be "established" or "disproven" by one crucial experiment
or by a short series of crucial experiments.

Often, one would attempt to experiment with tasks that border on other cate-
gories. Underwood (4, p. 49) refers to these as transition experiments, because
they involve tasks whose classification is &oubtful. if such experiments are to
be instructive, however, one should have some idea of the kinds of processes in

both categories, and of how training strategies are designed to affect the processes.
In many cases, not enough is known to infer the processes until a considerable
number of experiments have been performed.

Another kind of experimental approach is to try to determine the compara-
tive effectiveness of various training strategies on tasks that fall clearly within
a category; for example, learning to start an M48-A2 tank is clearly an example
of a procedural skill. One might try various degrees and forms of guidance.
perhaps examining in what respects a trainee could effectively adjust his own
guidance by requesting needed information.

Several factors would indicate the nature of prccdural leaning the impor-
tance of perceived '|ierar-hy in organizing procedural steps. the effect of vivid-
ness of pictorial prompts, and the influenec of physical realism during practice (32).

This kind of research would provide effective strategies, and perhaps enough
knowledge about the underlying processes that comparability with other categories
could be established. Such experiments have the added advantage of being appli-
cable to current training practice, as well as providing a basis for a taxonomy.

Typing is a good example of a reactive-choice task. Experiments involving
typing instruction might reveal the underlying processes. In teaching typing,
straightforward prompts show little promise, because they simply duplicate the
written text. But some special prompts might be useful, perhaps in the form of
a keyboard display that flashes a light on the next key to be pressed, programed
to correspond with a spo.en text. Also, one might have a light behind each type-
writer key and illuminate it when the corresponding key is struck on another
typewriter at a remote station. If a stcnrograpiher typed messages at the remote
station, another typist could perhaps learn to interpret the message from the
sequence of flashing lights.

Trs.cking skills fall in the reactive-adjustive category. Perhaps there
might be some way to use quickening during early training to adapt the task to
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the trainee's ability level (53). Or perhaps there might be some way to indicate
the optimal correction during training. Also, it might be significant to know the

importance of multiple cues in feedback; for example, one might have a double
integral tracking task, and study performance on a simple position display of the
position function, compared with performance on a compound display which
incorporates both rate and position information. The separate feedback signal
for each subtask permits response according to the simpler mathematical rela-
tionships of the subtasks; frequently, it is these subtasks that are most naturally

meaningful to the learner.
Within the developmental-skilled performance category the skill processes

need to be further delineated, especiallyas they relate to various coaching techniques.
The areas for experiments are virtually unlimited, but perhaps one other

area should be mentioned. Sometimes the amount of lag in feedback has seriously
disruptive effects, such as in controlling a helicopter or in speaking with short
delays before hearing the words. The amount of lag can be varied to see where
disruptive effects occur for each skill.

PRACTICAL APP[.ICATION

Of course the final criterion of a taxonomy is usefulness, which takes into
account not only consistency and empirical validity, but also the extent to which
the classification goes beyond the trivial, and how readily it is understood. The
taxonomy of Bloom and his associates (7) appears to have been useful for dis-
cussing learning processes in school. although testimonials are admittedly not
the most rigorous of evidence. Perhaps others may find tho present taxonomy
useful, and their experience in applying the distinctio, s may well lead to modifi-
cations in the system.

The present taxonomy is designed to be useful for all the activities relato.d
to the practice of training, including determining what skills can be trained,
choosing a training strategy likely to be effective, designing trainng environ-
ment and simulation, organizing past training and learning research, and con-
ceiving future research. It is especially critical that the taxonomy should go
bey,.id the obvious and the trivial, because it adds no new empirical evidenee to
the field; rather, it is merely an attempt at explication and organization of what
i; implicit in various current discussions of training. For such explication, it
seemed necessary to go beyond the task classification, to the definition of train-

ing strategies. The training strategies themselves may help formalize what is
done in training programs.

Practical application may also lead to further refinement of the classification
by indicating which aspects are most useful, and by clarifying the shortcomings
which appear. Practical application may also lead other researchers to use

some of the features in their theoretic systems.

36



LITERATURE CITED

AM-

APPENDIX



LITERATURE CITED

1. est, Leonard J. Recommendations for Typewriting Training, Development Report AFPTRC
57-68, Air Fc-:e Personnel and Training Research Center, Lackland AFB, Tex., 1957.

2. West, Leonard J. Review of Research in Typewriting Learning With Recommendations for
Training, Research Report AFPTRC-TN-57-69, Air Force Personnel and Training Research

Center, Lackland AFB, Tex., June 1957.

3. Bilodeau, Edward A., and Bilodeau, Ina McD. "Motor-Skills Learning,* in Annual Review of
Psychology, vol. 12, Annual Reviews, Inc., Palo Alto, Calif., 1961, pp. 243-280.

4. Underwood, Benton J. "The Representativeness of Rote Verbal Learning," in Categories of
Human Learning, Arthur W. Melton (ed.), Academic Press, New York, 1964, pp. 47-78.

5. Fitts, Paul. "Skill Learning," in Categories of Haman Learning, Arthur W. Melton (ed.),
Academic Press, New York, 1964, p. 332.

6. Melton, Arthur W. (ed.). Categories of Human Learning, Academic Press, New York, 1964,
pp. 325-339.

7. Bloom, Benjamin S. (ed.). Taxonomy of Educational Objectives: The Classification of Edu-

cational Goals, Handbook I: Cognitive Domain, David McKay Company, Inc., New York, 1956.

8. Cotterman, Theodore E. Task Classification: An Approach to Partially Ordering Information
on Human Learning, WADC Technical Note 58-374, Wright Air Development Center, Air

Research and Development Command, Wright-Patterson AFB, Ohio, January 1959.

9. Cotterman, Theodore E. "Problems in Describing and Categorizing Tasks for Determining

Training Needs," paper for meeting of Ohio Psychological Association, Dayton, October 1969.

10. Cotterman, Theodore E. "'Cask Classification: An Approach Based on the General Properties
of Stimuli, Responses, and Their Interrelations," paper for symposinm at American Psycholog-

ical Association convention, Chicago, September 1960.

]I. Cottermar, Theodore E. Task Classification: An Approach Based on the General Properties
of Stimuli, Responses, and Their Interrelations, Wright Air Development Center, Wright-
Patterson AFB, Ohio, 1960.

12. Stolurow, Lawrence M. "Task Classification: A Systems Approach,' paper for symposium at
Anerican Psychological Association convention, Chicago, September 1960.

13. Stolurow, Lawvrence M. A Taxonomy of Learning Task Characteristics, Technical Documen-
tary Report No. AMRL-TDR-64-2, Behavioral Sciences Laboratory, Aerospace Medical
Research Laboratories, Aerospace Medical Division, Air Force Systems Command, Wright-
Patverson AFB, Ohio, January 1964 (Contractor: University of Illino.s).

14. Haggard, Donald F. The Feasibility of Developing a Task Classification Structure for Order-

ing Training Principles and Training Content, Research Memorandum, Human Resources
Research Office, Alexandria, Va., January 1963.

15. Miller, Elmo E. "Task Classification: One Approach to Classifying Learning Tasks," paper
for symposium at Amei ican Psychological Association convention, Chicago, September 1960.

16. Miller, Elmo E. . f!assification of Learning Tasks in Conventional Language. Technical

Documentary Report AMRL-63-74, Behavioral Sciences Laboratory, 6570th Aerospace Medical
Research Laboratory, Aerospace Medical Division, Air Force Systems Command. Wright-
Patterson AFB, Ohio, July 1963 (Contractor: University of Illinois).

39



17. Vrathwohl, David R., Bloom, Benjamin S., and Masia, Bertram B. Taxonomy of Educational
Objectives: The Classification of Educational Goals, Handbook I1: Affective Domain, David

McKay Company, Inc., New York, 1964.

18. Gagne, Robert M., Baker, Katherine E., antd Foster, Harriet. On the Relation Between Simi-
larity and Transfer of Training in the Learning of Discriminative Motor Tasks, Technical
Report SDC 316-1-5, Special Devices Center, Port Washington, L.I., N.Y., 1949.

19. Gagne, R.M. "Methods of Forecasting Maintenance Job Requirements,' Symposium on Elec-
tronic Maintenance, Advisory Panel on Personnel and Training Research, Office of Assistant
Secretary of Defense, Research, and Development, Washington, 1955.

20. Gagne, Robert N1. "Problem Solving and Thinking," Annual Review of Psychology, vol. 10,
Annual Reviews, Inc., Palo Alto, Citlif , 1959, pp. 147-172.

21. Gagne, Robert M. "Human Functions in Systems," in Psychological Principles in System
Development, Robert M. Gagne (ed.), Holt, Rhinehart and Winston, New York, 1962, pp. 35-74.

22. Gagne, Robert M. "The Acquisition of Knowledge," Psychol. Rev., vol. 69, no. 4, July 1962,
pp. 355-365.

23. Gagne, R.M. "Problem Solving," in Categories of Human Learning, Arthur W. Melton (ed.),
Academic Press, New York, 1964, pp. 293-317.

24. Gagne, R.M. "Analysis of Instructional Objectives," in Teaching Machines and Programed
Learning, II, R. Glaser (ed.), Department of Audio Visual Instruction, National Educational
Association, Washington, D.C., 1965, pp. 21-65.

25. Gagne, R.M. The Conditions of Learning, Holt, Rhinehart and Winston, New York, 1965.

26. Miller, R.B. A Method for Man-Machine Task Analysis, WADC Technical Report 53-137,
Wright Air Development Center, Wright-Patterson AFB, Ohio, 1953.

27. Miller, R.B. Handbook on Training and Training Equipment Design, WADC Technical
Report 53-136, Wright Air Development Center, Wright-Patterson AFB, Ohio, 1953.

28. Miller, Robert B. Psychological Considerations in the Design of Training Equipment, WADC
Technical Report 54-563, Aero Medical Laboratory, Wright Air Development Center, Air

Research and Development Command, Wright-Patterson AFB, Ohio, December 1954 (Contrac-
tor: American Institute for Research).

29. Miller, Robert B. A Suggested Guide to Functional Characteristics of Training and Training
Equipment, Technical Memorandum ML-TM-56-14, Air Force Personnel and Training Research
Center, Lackland AFB, Tex., 1956.

30. Miller, Robert B. A Suggested Guide to Position-Task Description, Technical Memorandum
ASPRL-TM-56-6, Armament System Personnel Research Laboratory, Air Force Personnel and
Training Research Center, Lowry AFB. Colo., April 1956 (Contractor: American Institute
for Research).

31. Miller, Robert B. "Task Description and Analysis," in Psychological Principles in System
Development. Robert M. Gagne (ed.), Holt, Rhinehart and Winston, New York, 1962, pp. 187-230.

32. Miller. R.B. 'Task Analysis and Task Taxonomy: Inventive Approach," paper for symposium
at American Psychological Association convention, Chicago, September 1965.

33. Guilford. J.P. "Intelligence: 1965 Model," Amer. Psychol.. vol. 21, no. 1, January 1966,
pp. 20-26.

:1 t leishman. Edwin A.. and lempel. Waltr E., Jr. "The Relation Between Abilitcs and
Improvement ,ith Practice in a Visual Discrimination Reaction Task." J. Exp. Psyhvl..
vol. -9, no. 5, May i955. pp. 301-312.

35. Jones, Marshall B. -zplex Theory, Monograph 3. U.S. Naval School of Aviation Medicine.
'.S. Naval Aviation Medical Center. Pensacola. Fla.. June 1959.

40



36. Guilford, J.P. "A System of the Psychomotor Abilities," Amer. J. Psychol., vol. LXXI, no. 1,
March 1958, pp. 164-174.

37. Fleishman, Edwin A. "The Description and Pradiction of Perceptual-Motor Skill L:!arning,"
in Training Research and Education, Robert Glaser (ed.), University of Pittsburgh Press,
Pittsburgh, 1962, pp. 117-176.

38. Fleishman, Edwin A. "Human Abilities and the Acquisition of Skill," in Acquisition of Skill,
E.A. Bilodeau (ed.), Academic Press, New York, :1966, pp. 147-167.

39. Fleishman, Edwin A. "Individual Differences and Motor Learning,' in Learning and Individual
Differences, R.M. Gagne (ed.), Charles Merrill, Columbus, Ohio, 1967.

40. MacCorquodale, Kenneth, and Meehl, Paul E. "Edward C. Tolman," in Modern Learning Theory,
A.F. Poffenberger (ed.), Appleton-Century-Crofts, Inc., New York, 1954.

41. Sheffield, Fred D. "Theoretical Considerations in the Learning of Complex Sequential Tasks
From Demonstratior And Practice," in Student Response in Programmed Instruction,
A.A. Lumsdaine (ed.), National Academy of Sciences-National Research Council, Washing-
ton, D.C. 1961.

42. Sheffield, Fred D., and Maccoby, Nathan. "Summary and Interpretation of Research on Organi-
zational Principles in Constructing Filmed Demonstrations," in Student Response in Pro-
grammed Instruction, A.A. Lumsdaine (ed.), National Academy of Sciences-National Research

Council, Washington, D.C., 1961.

43. Angell, D., and Lumsdaine, A.A. Prompted Plus Unprompted Trials Versus Prompted Trials
Alone in Paired-Associate Learning, American Institute for Research, Pittsburgh, 1960.

44. Cook, J.O. "Supplementary Report: Processes Underlying Learning a Single Paired-Associate
Item," J. Exp. Psychol., vol. 56, no. 5, November 1958, p. 455.

45. Cook, J.O., and Kendler, T.S. "A Theoretical Model to Explain Some Paired-Associate Learn-
ing Data," in Symposium on Air Force Human Engineering. Personnel, and Training Research,
G. Finch and F. Cameron (eds.), National Academy of Sciences-National Research Council,
Washington, D.C., 1956.

46. Cook, J.O., and Spitzer, M.E. "Supplementary Report: Prompting Versus Confirmation in
Paired-Associate Learning," J. Exp. Psychol., vol. 59, no. 4, April 1960, pp. 275-276.

47. Irion, Arthur L., and Briggs, Leslie J. Learning Task and Mode of Operation Variables in Use
of the Subject-Matter Trainer, Technical Report AFPTRC-TR-57-8, Air Force Personnel and
Training Research Center, Lackland AFB, Tex., October 1957.

48. Kopstein, F.F., and Roshal, S.M. "Verbal Learning Efficiency as Influenced by the Manipula-
tion of Representational Response Processes,' in Student Response in Programmed Instruction,

A.A. Lumsdaine (ed.), National Academy of Sciences-National Research Council, Washing-
ton, D.C., 1961.

49. Miller, Elimo E. Transfer Effects of Special Training Upon Pre-Solo Flight Training, Research
Report NM 16 01 11 (Subtask 13. Report No. 1), U.S. Naval School of Aviation Medicine,
U.S. Naval Aviation Medical Center, U.S. Naval Air Station, Pensacola, Fla., September 1958.

50. Chernikoff, Rube, and Taylor, Franklin V. "Effects of Course Frequency and Aided Time
Constant on Pursuit and Compensatory Tracking." J. Exp. Psychol., vol. 53, no. 5, May 1957,
pp. 285-292.

51. Kinkade. R.G. '1 Differential Influence of Augmented Feedback on Learning and on Perform-
ance, WADC Technical Report AMRL-TDR-63-12, Aerospace Medical Research Laboratories,
Air Force Systems Command, Wright Air Development Center. Wright-Patterson AFB, Ohio,
February 1963 (Contractor: Ohio State University).

41



52. Cox, John A., Wood, Robert 0., Jr., Boren, Lynn M., and Thorne, H. Walter. Functional and
Appearance Fidelity of Training Devices for Fixed-Procedures Tasks, Technical Report 65-4,
Human Resources Research Office, Alexandria, Va., June 1963.

53. Goldstein, Donald A. Linear Quickening as Guidance in Training for Manual Control of
Complex Systems, Electric Boat Division, General Dynamics Corporation, Groton, Conn.,
March 1961.

42



Appendix

ANALYSIS OF SOME COMMON TASKS

1. Learning to ride a bicycle (a reactive-adjustive task)
The first step is to analyze the task into three concurrent subtasks:

1Skill1. Imagine the desired path of movemert. (Turns should not be
too sharp, as limited by the maximum angle of bank.)

;iSkill 2. Regulate the desired angle of bank to produce the desired
course, over time,

SLSkill 3. Turn the handlebars to maintain balance at the desired angle
of bank.

This is a double integral tracking skill, and each integration is a separable
cue in the stimulus environment (i.e., S can see directly his angle of bank, his
course, and his path of movement). By separating these as skills, a simple
mathematical relationship exists between response output and feedback; for
example, one would turn the handlebars left to correct an imbalance to the left.
A common error is to try to learn to steer left as a single integral system, by
trying to turn the handlebars left. The constants of the equations change markedly
with speed of the vehicle. The speed is controlled by S, but the difficulty at any
particular speed is a matter of the physics of the task.

2. Learning to drive a nail (a developmental-skilled performance task)
To drive a nail, not only must the hammer hit the head squarely, but there

must be considerable force at impact. A novice is apt to ease the force on the
hammer, or even to pull back, sometime before impact, greatly reducing the
force at impact. Rather, he should imagine using the hammer to push the nail
right into the board.

This skill is representative of many skills in which follow-through is critical.
The follow-through is a set to respond smoothly, continuously, over the time
span involved. Although images may play a part in maintaining the response
set, the follow-irough is not a matter of reacting to maintain correspondence
with an image, 'ecause any feedback signals would not have time to affect that
instance of behavior, i.e., one could not sense hitting the nail and have time to
adjust that particular stroke.

Driving a nail is self-initiated, but there is an intrinsic rhythm which under-
lies the necessary coordination.

3. Tying a square knot (a developmental-procedural task)
The critical thing is to remember where the rope should go, at various

critical points. Although it is a "free" response, it has cer.'ain aspects of a
choice among alternatives, because there are only a small number of possible
alternatives at each critical point. Under normal conditions the manipulations
are well within the motor skills of older children or adults; most people could
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tie the square knot if one "talked them through, pointing where the rope was to
go at each choice point. (But for very young children it might be considered a
skilled movement task).

A point where people tend to make mistakes is half-way through; Bach an
error will lead to a "granny" knot rather than a square knot.

4. Flight procedures: normal climb (a developmental-procedural task)
The following is a very much condensed description of the climb in a T-34B

training aircraft.

Cue Action

'.) Raise nose.
(2) Advance prop to full.

at 100 knots ......... (3) Full throttle
(4) Maintain 100 knots with

nose attitude.
(5) Retrim.
(6) "S" turns

at desired altitude . . . (7) Lower nose.
(8) Start retrimming.

120 knots ............ (9) Throttle back. 19" manifold
pre ssure

(10) rpm, 2000
(11) Trim, and adjust power.

The Cue column tells what to be alert for when previous action is completed.
The Cue events impose the task pacing, but there is no emphasis on speed.
AltMough the actions referred to might not be smooth, or not even satisfactory,
the cadet would be given credit for correct procedure if he didn't forget any
step, or do the wrong thing, or incorrectly remember some gage valve; for
example, his procedure is wrong if he said he thought they were to climb at
90 knots.

Generally, then, procedures include the qualitative aspects of the perform-
ance, rather than smoothness, style, or dexterity. Also, one may be learning
the procedure while the component acts are yet to be mastered, although there
may be some ambiguity about whether an error is a result of not remembering
the procedure, or about whether the execution was clumsy. In such cases of
doubt, one might ask S what he was trying to do; this query assumes that pro-
cedural responses are verbally mediated, or mediated by image, or by other
processes accessible to verbal mediators.

o. Typing: ordinary prose (a reactive--selection from a set of alternatives task)
From the printed copy, or memorized prose, or composed prose, or dicta.-

tion at the typist's speed, select and press the appropriate keys. The typist can
see ahead as far as he wishes, and performance is judged by rate of output, as
long as accuraLy is maintained. The copy ma," appear in any letter order, but
almost always there are statistical regularities which may be used in organizing
the responses.

There is a one-to-one correspondence between the copy and the responses;
the characters in the copy (letters, numbers, punctuation) are the symbols
which stand for the responses.
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6. Learning to turn on the burners on a kitchen range (a developmental-
procedural task, with this being an alternative (branching) procedure)
The person must be able to turn on any of four burners, arranged in a rec-

tangle, by turning the corresponding control knob, without error (four knobs in
a line across the front of the range), Ranges differ widely in the pairing of
knobs and burners; this fact creates interference in shifting from one range to
another. Yet all arrangements seem to have the two knobs on the left paired
with the two burners on the left, and two burners on the right paired with the two
knobs on the right.

Thus there are four common patterns of pairing burners and controls (e.g., left
front burner, control 2; left rear burner, control 1; right rear burner, control 4;
right front burner, control 3). There are many possible ways to train for a par-
ticular pairing, but straightforward rote association generally leads to inter-
ference among ranges, and rapid forgetting. An imagined pattern offers hope of
aiding memory. For instance, given the above pattern, one can image all the
burners as being in a large U or horseshoe, with the open end away, Then as the
U is bent open (in imagination), the burners line up with the controls, mediating
correct pairing (it is hoped). Or say that the burner-control pairing is reversed
on the left side, Then one may approach the range and step slightly to the left
of the range (or toward the refrigerator, or whatever is there). Then the burners
will line up across the perceptual field, left to right, in the same order as the
burners. The other possible pairings may be imagined as an upsidedown U, or
by stepping slightly to the right.

This rather lengthy example illustrates that training techniques often involve
ingenuity, and that efficient strategies sometimes cannot be derived only from
the task to be trained. The relative efficiency of rcte association vs. image
mediation is a function of many things: the clever choice of images, the inte-r-
fering habits or images, and perhaps the length of recall interval.

7. Operating trim tab controls in an aircraft (turning each control knob is a
reactive-adjustive task with a single input; the order in which the knobs are
turned may be considered a developmental-procedural task)
Whenever the aircraft is to assume a new attitude, the pilot exerts force on

the primary controls (stick, and rudder pedals) to assume and maintain the new
attitude. If the new attitude is to be maintained for an appreciable interval, the
pilot should turn the three trim kno'os until no pressure is needed on the primary
controls to hold the new attitude.

It is important to view the three knobs as corresponding to the three rota-
tional degrees of freedom of the aircraft. This conception then mediates choos-
ing the correct knob for any constant control force; the pilot must then turn the
knob in the direction of his control force, in order to substitute turns of the
trim control for constant control pressure in that degree of freedom.

It is customary to turn the knobs in the order, elevator, rudder, aileron, for
easiest adjustment.
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